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CHAPTER 1

EXECUTI VE SUWARY

This report was prepared tor the Bonneville Power Admnistration
(BPA) for the Lenmhi River Habitat |nprovenent Project. The BPA's
efforts on this Project are in response to the Northwest Power
Planning Council's Colunbia River Basin Fish and WIldlife Program
(1984). The object of this Study is to determne the feasibility
of enhancing the stocks of salmon and steelhead which have
declined significantly over the last 80 years in the Lenmhi River.

The mainstem of the Lemhi R ver is approximately 60 mles |ong

with 16 major tributaries. It flows along the west flank of the
Continental Divide in Eastcentral ldaho to the Salnon River at the
Cty of Salmon, Idaho (Fiqure 1.1). Little is known of the
historic runs of salnon and steelhead in the Lemnhi. Runs were
lost at the turn of the century, with the construction of
hydroel ectric facilities near the nouth of the River. Wth

renoval of the hydroelectric plant in the 1920s, salnmon and
steel head have returned, but to levels below the capacity of the
system to support them

The major difficulty facing Lemhi River anadronmous fish is a lack

of water during upstream and downstream nigrations. Most or all
of the water in some reaches is diverted fromthe R ver for flood
irrigation. @uidance of juvenile salnon and steelhead into
irrigation works where substantial magration delays occur is also
a problem The critical period for water diversion inpacts is
typically from April through May when the irrigation season begins
and before spring snownelt. During this period adult and juvenile

m grations of chinook and steel head are at or near their peaks.

The specific objective of this Study was to develop nethods for
i nproving anadronpbus fish passage in the Lenmhi River. orT
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acconpl ished this objective through a three-phased approach

Phase | included defining the problem conduct ing a literature
search, and performing a hydrologic analysis and stream survey.
Phase |11 devel oped and analyzed enhancenent alternatives. Once
the fishery benefits of sel ected enhancenent options were
determ ned, Phase IIl, a benefit/cost analysis, was conducted.
HYDROLOGY

The hydrology of the Lenmhi Rver Basin is characterized by a
conplex interaction between surface water runoff, irrigation
diversion practices, and groundwater recharge. Maj or contri bu-
tions to the stream flow are snowpack, rainfall, and return flows
from flood irrigation. Hydrol ogi ¢ anal yses focused primarily on
the frequency and magnitude of |ow fl ows. OIT selected a |owflow
duration of 15 days for conputing the frequency of periods during
which natural stream flow does not satisfy mninum fish passage
reaui rements at critical reaches. Transect neasurenents helped to
determne mninmum instream flows for passage under existing and
channelized streanbed conditions. OIT then determined flow
augnentation quantities (the difference between actual stream
flows and fish passage requirenents) for selected reaches and
conmbi nations of options. OIT then wused the results in the
prelimnary design ot structures, such as pernmanent diversion dans
and | evees, and to conpute the economic benefits of t he
enhancenent opti ons.

ENHANCEMENT ~ ALTERNATI VES

Phase |1 devel oped nine enhancenent alternatives:
o Fl ow Concentration
o Fi sh Screen | nprovenent
o) G oundwat er Auqgnent ati on
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o G oundwater Irriqgation

o Water Wt hdrawal Reduction

o Return Fl ow | nprovenent
o Sprinkler lrrigation
o St or age

o Trap and Haul

Descriptions of the nine alternatives and the results of the
anal yses are presented bel ow

FLOW CONCENTRATI ON

Flow concentration i nvol ves constructing per manent concrete
diversion dans at several critical locations to replace tenporary
dans now constructed by irrigators with dozers from streanbed
materi al s. A fishway is provided at each site to provide upstream
passage around the diversion. Channel i zati on downstream of each
diversion structure would be provided to concentrate flow and
allow for passage during |owflow periods.

Channel i zation would be perforned at other locations where the
River channel is wde and passage difficulties are created by
insufficient water depths. Since diversion dans raise flood
l evel s, levee construction is included for flood protection.

FI SH SCREEN | MPROVEMENTS
Fish screen i npr ovenent entails nmaking recomendations for

nodification or repair of existing screen and bypass facilities.
The objective of this alternative is to reduce delay and nortality
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of downstream m grants. Testing should be conducted in order to
develop a suitable fish bypass system for installation at each
maj or  diversion. To ensure that i mproved bypasses operate
efficiently, water rights should be sought for additional bypass
flows.

GROUNDWATER  AUGVENTATI ON

Groundwat er augnentat ion involves punping groundwater directly
into the Lenmhi Rver at critical fish passage points during
| owfl ow periods. Using observed specific capacities obtained
fromthe United States Geol ogical Survey (USGS), 30 wells would be
required to neet a 20-cfs mninum flow at River Mle (RV 7.2.

GROUNDWATER | RRI GATI ON

An alternative to diverting surface water for irrigation is to

punp groundwat er. Lemhi Valley irrigators would sell partial or
conplete water rights to BPA and install nore efficient irrigation
syst ens. The remaining water rights would be transferred from
surface to groundwater wthdrawal. Such an exchange would only be
considered for Jlower Lenmhi Basin water rights, downstream of
RM 8.6, where fish passage problens are nost critical. There are
sever al pot ent i al problenms with this alternative including

interference of nunmerous wells on groundwater recharge, uncertain
capacity of the aquifer, and the loss of priority of water riqght
when chaging from surface to groundwater rights.

WATER W THDRAWAL REDUCTI ON

Surface water wthdrawals can be reduced by inproving the
efficiency of flood irrigation nmethods over those currently
practi ced. Simlar to the previous alternative, irrigators would
sell partial water rights to BPA and use the inconme to inprove
flood irriqgation efficiency. This would involve leveling fields,
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lining canals, and laying out fields to efficiently apply
irrigation water. The beneficial wuse of purchased water rights
woul d be changed fromirrigation to fish passage.

RETURN FLOW | MPROVEMENT

Another nethod to increase the overall efficiency of flood
irrigation is to inprove return flow Enhanced surface and
subsurface field drainage would decrease the delay associated wth
deep percolation and groundwater intiltration into the R ver
Considered possibilites include draining marshes and other natura
collection areas, constructing collection ditches and ponds to
drain intensely irrigated areas, or installing subsurface drains
to return excess flows to the Lenhi River through pipes or
di t ches.

SPRI NKLER | RRI GATI ON

Spri nkl er irrigation involves the purchase of partial wat er
rights. The irrigator could use the incone from this sale to
install efficient sprinkler irrigation systens. | mpl erent ati on of

this alternative is concentrated on the |lower Lenmhi R ver reaches
where fish passage is nost critical

STORAGE

Several previous studies have focused on reservoir storage in the
Lemhi Vall ey. OIT selected a storage reservoir site on Hayden
Creek, immediately downstream from the confluence of Bear Valley
Cr eek. The dam would be a 250-foot high roller-conpacted concrete
structure with a storage volune of 17,200 acre-feet. Thi s dam was
studied with and without the addition of hydroelectric power.



TRAP AND HAUL

OIT developed a trap and haul system to a conceptual level to
evaluate the feasibility of transporting adult and juvenile fish
around critical passage reaches of the stream The system woul d

consist of two facilities. A juvenile trap would be located at
the site of the abandoned fish counting station, i medi ately
upstream of Hayden O eek. This facility would guide juveniles by
nmeans of a louver barrier to a trap. Juveniles would then be
transported to the Salnon River for release. An adult trap would
be located near the mnmouth of the Lemhi, and fish would be
transported to the wupper watershed. Both facilities would be

tenporary and used only during |owflow seasons.

SELECTI ON OF OPTI ONS

OIT presented the nine enhancenent alternatives to the cooperating

agencies at a neeting in Septenber 1985. Partici pants decided the
remaining efforts should concentrate on four options  for
enhancenent . These options are a conbination of several of the

alternatives described above. The four options are:

o OPTI ON A
Per manent Diversions, Channelization, and Levees at
tl-s, L-6, L-7
Channel i zation only at: sps2-1, SPS-2, SPS-3

I " signifies irrigation diversions on the Lenhi Ri ver as
nunbered in the "Proposed Finding of Water Rights in the Lemhi
Ri ver Basin".

2 "gps'  signifies Supplemental Passage Stations which are areas
other than diversions where fish passage is difficult or blocked
during lowflow periods.



o OPTI ON B:
Same as Option A, with River Flow Augnentation through:
Fl ood Irrigation |nprovenent
5 cfs conserved between L-7 and L-6
12.4 cfs conserved between L-6 and nouth
Sprinkler lrrigation
8.4 cfs conserved between L-7 and L-6
20.7 cfs conserved between L-6 and nouth

o CPTION C
Per manent Di versions, Channelization, and Levees at:
L-5, L-6, L-7, L-20, L-22, L-31A L-40, L-41,
L-43, L-44, L-45D, L-61
Channel i zation only at:
L-3, SPS-1, SPS-2, SPS-3, SPS-4

o OPTI ON Dt
Same as Option C, wth R ver Flow Augnentation through:
Fl ood Irrigation |nprovenent
5 cfs conserved between L-7 and L-6
12.4 cfs conserved between L-6 and nouth
Sprinkler Irrigation
8.4 cfs conserved between L-7 and L-6
20.7 cfs conserved between L-6 and nouth

For each of the enhancenent options, four fisheries nanagenent
alternatives were considered to allow the assessnent of benefits

over a range of potential rmanagenent scenari os. The four
managenent alternatives are:

o) Al ternative No. 1
Allow chinook salnon runs to increase naturally from
prevailing levels w thout harvest until full seeding of
juvenile rearing habitat is achieved. Scr eened
irrigation diversion remain in their present condition.



o Al ternative No. 2
Chinook salnon are harvested at a rate that maintains a
stabl e escapenent at prevailing population levels (i.e.,
330 fish). Full seeding of juvenile habitat is not
achi eved. Screened irrigation diversions remain in
their present condition.

o Al ternative No. 3
This managenent alternative is identical to Alternative
No. 1 except that there is a 75 percent basin-wde
i mprovement in downstream mgrant passage conditions at
screened irrigation diversions.

o Alternative No. 4

| DFG  provides full hat chery suppl enent ati on with
juvenile chinook salnmon to fully seed available rearing
habitat during the first return cycle only. No harvest
occurs unti | the first chi nook return cycle is

conpl et ed. There is a 75 percent basin-w de inprovenent
in downstream mgrant passage conditions at screened
irrigation diversions.

For all four nanagenent alternatives it 1is assunmed that |DFG
continues to release an average of 2,000 surplus hatchery
steel head spawners in the Lenmhi River annually.

BENEFI TS AND COSTS

Benefits of the four options and four managenent alternatives were
assumed to accrue from an increased nunber of harvestable chinook

salmon and steelhead from the Lenhi Ri ver. Under existing
conditions in the River, harvestable fish are lost due to critical
low-flow conditions in approximately two in nine years. | f
Options A or C are inplenented, the recurrence interval of

critical lowflows would be increased to one out of seven years.



I mpl enenting Options B or D would increase this to one out of
thirteen years. The Dbenefit is assunmed to be the difference
between harvestable fish lost wunder existing conditions and
harvestable fish lost with a particular option.

Cost estimates for the four options, including capital and annual
costs, are presented in Table 1.1. Also included in Table 1.1 are
the present worth of benefits and benefit/cost (B/C) ratios for
the four options for each of the nanagenent alternatives.

These results indicate Option B in conjunction wth Fisheries
Managenent Alternative No. 4 produces the greatest B/C ratio.
Under this conbination of actions, stream flows would be
augnented, fish screens and bypasses inproved, and supplenental
stocking of juvenile chinook inplenented to imediately build the
Lemhi River salnmon run to capacity. Thus, greater nunbers of fish
will be produced sooner than with the other alternatives |eading
ultimately to substantial harvest benefits. Except for Managenent
Alternative No. 2, Option B consistently results in the greatest
B/C ratios for a given nanagenent alternative, thus denonstrating
the inportance of flow augnentation as an enhancenent action that
produces significant benefits.

Analyses of project benefits derived from Managenent Alternatives

Nos. 3 and 4 are particularly inportant. They show the benefici al
effect that inproved downstream passage conditions at irrigation
screening facilities in the Lenmhi River will have on the run of

anadronous fish. By assuming a 75 percent reduction in the
| osses and delays at irrigation diversions, sone of the projected
project benefits becone substantial, particularly Options B and D
where the fish are managed for the maxi num natural run.

IDFG has recently indicated it may nanage the Lemhi R ver fish

runs as hatchery-suppl emented runs on a continuing basis, rather
than on the short-term basis assumed in Managenent Alternative
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TABLE 1.1

SUMVARY COF COSTS, BENEFI TS, AND B/ C RATICS

1-11

FI SHERI ES PRESENT WORTH PRESENT WORTH
MANAGEMENT CAPI TAL COST  OF ANNUAL COST OF BENEFI TS

ALTERNATI VE  CPTI ON (9) (9) ($) B C

1 A 1, 386, 000 290, 700 33,400 0. 020

B 1,734,000 290, 700 14,900 0. 007

C 4,219, 000 1,104, 000 33, 400 0. 006

D 4,567,000 1,104, 000 14,900 0. 003

2 A 1, 386, 000 290, 700 42,800 0. 026

B 1,734,000 290, 700 32,600 0.016

C 4,219,000 1,104, 000 42,800 0. 008

D 4,567,000 1,104, 000 32,600 0. 006

A 1, 386, 000 290, 700 94, 800 0. 056

B 1,734,000 290, 700 235, 100 0.116

C 4,219, 000 1,104, 000 94, 800 0.018

D 4,567,000 1,104, 000 235, 100 0.041

A 1, 386, 000 290, 700 209, 800 0.125

B 1,734,000 290, 700 648, 800 0.320

C 4,219, 000 1,104, 000 209, 800 0. 039

D 4,567,000 1,104, 000 648, 800 0.114



No. 4. Specifically, the rearing juvenile population of chinook
salmon  would be supplenented to full seeding with hatchery
fingerlings or fry whenever adult escapement is below that
necessary for full natural seeding. In addition, 550,000 chinook
snolts would be outplanted to the upper watershed each year to
inprint and nove out. The adult fishery would be targeted on
hatchery fish, not naturally-reproduced fish. Such a managenent
program would have significant inplications for the enhancenent
options evaluated by OIT. The commitnent to seed with hatchery
fry or fingerlings and the outplanting of 550,000 snolts per year
would elimnate the necessity for correction of upstream m gration
i mpai r nent . The only benefit to the Lenmhi R ver salnmon and
steel head stocks of the options would be increased rearing habitat
provided by Options B and D. These benefits would be marginal in
the face of the proposed snolt outplanting program Thus, if |DFG
impl enents the full-scale hatchery supplenentation program as
descri bed, then the options evaluated by OIT should be considered
alternatives to the supplenentation program not an adjunct to it.

It is inportant to recognize that the costs associated with all
options and nanagenent alternatives are greater than the expected

benefits. Thus, B/C ratios are all less than 1.0.

OTHER CONSI DERATI ONS

The success of any program to realize water savings by inproved
surface irrigation or sprinklers depends on cooperation from the
irrigators. Whet her an irriqgator decides to sell all or part of a
water riqht depends on the cost and crop yields produced by the
i nprovenent s.

Before initiating a program to inprove surface irrigation or

i nstall sprinkler  systens, it is advisable to perform an
assessnent of  actual achieved crop yields and effects on
groundwat er recharge. A denonstration project is one method for
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determning these factors. Tn addition, such a project would
provide verifiable wevidence to local irrigators that inproved
irrigation water application can produce l|larger and higher-quality
yi el ds.

Consideration also should be given to directly purchasing |and
having senior water rights. Enough land would need to be
purchased to satisfy mninmum flow requirenents for fish at the
nost critical passage reaches downstream of diversions L-5 and

L- 6. The surface water right attached to this land could be
transferred from the beneficial use of irrigation to fish
enhancenent . O her benefits from this alternative could be the

conversion of grazing land to wldlife habitat or to public
recreational areas.

BPA, as a Federal agency, cannot directly purchase land or

inmprove irrigation systens to the benefit of an individual. The
only exception is  Federal "interest” in the land under
consi derati on. It is nost likely that both the holder of water

rights secured in an exchange, and the purchaser of land or water
rights would be the |DFG

RECOMVENDATI ONS

Based on the results of this Study, OIT recomends that
enhancenent Option B in conjunction wth Fisheries Minagenent
Alternative No. 4 be evaluated in greater detail. Thi s

recomrended Option/ Managenent Alternative results in the greatest
B/C ratio of the neasures evaluated as part of the Study. Furt her
analysis of this option should focus on the considerations
previously noted regarding |andowner cooperation, actual crop

yields, land acquisition constraints, legal Ilimtations, IDFGs
actual fisheries managenent practices, and inplenentation of the
irripation diversion screen and bypass inprovenent program

Conpletion of the screen inprovenent program coupled with the
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testing of appropriate bypass system designs, is recomeded prior
to inplenmentation of Option B.

OIT also recomends that the conplex issues of a mxed stock
fishery and hatchery versus natural production be carefully
exam ned, perhaps in an expanded fisheries production nodel of the

Lenmhi Ri ver, after the |IDFG has solidified its anadronous
fisheries managenent strategy for the R ver. The results of this
Study will assist in that effort.
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CHAPTER 2

| NTRODUCTI ON
The Lenhi R ver, located in Eastcentral I|daho, is situated between
the Continental Divide to the east, and the Lenmhi Range to the
west . From its headwaters near Leadore, Idaho, the R ver flows

some 60 mles in approximately a northwest direction to its
confluence with the Salnon River at Salnon, [|daho.

Around the turn of the century, the Lenhi was dammed near the

mouth to provide hydropower. The dam was not constructed wth
fish passage facilities and the runs of chinook salnon and
steel head were |ost. After renoval of the dam in the 1920s, the

chinook and steelhead runs were re-established, and by the md-
1960s there were an estimated 2,000 to 3,000 spring chinook in
the Lenhi. Irrigation wthdrawals and low flows have since
contributed to a significant decline in the anadronmous fish runs
in the Lemhi.

STATEMENT OF PROBLEM

Maj or uses of water from the Lenmhi River include irrigation,

donestic wat er suppl y, and fish producti on. Irrigation
w thdrawals for grazing |land and hay crops occur throughout the
mai nstem and its tributaries. Fish uses include rearing and

spawni ng for steel head, spring chinook, and resident fish. Duri ng
the spring before snownelt and the summer after snownelt, flow in
the River is of ten insufficient to nmeet irrigation needs and
instream flow requirenments for upstream and downstream migration
of anadronous fi sh. Since adjudicated water rights for the Lemhi
River do not provide for mnimum instream flows for fish, the
stream is often over drafted and inpassable to fish in the |ower
reach of the River between Hayden Creek and the Sal non R ver.
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Adult steelhead return to the Lemhi River during the period March
21 to May 30 with nost of the mgration occurring during the
period April 10 to May 20 (Bjornn, 1978). Juvenile out-mgration

occurs in Septenber through January and again in April through
June. Adult spring chinook salnmon mgration in the Lemhi R ver
begins as early as md-May and continues throughout the sunmer
until approximately m d- Septenber. Peaks in upstream mgration
generally occur in md-June and |ate August. Downstream mgration
of spring chinook juveniles occurs throughout the year. True

seaward mgration, however, occurs in the nonths January to June
with peak migration in April (Bjornn, 1978).

The irrigation season in the Lenmhi Basin runs from approxinmtely
April 1 to Novenber 1 of nost years (seasonal variation in weather

my Change this timng). Mgration of anadronmous fish occurs
principally within the irrigation season, especially during the
lowflow period of April and May. During low to average-water

years, a conflict usually exists between irrigation and fish uses.
The conflict is due primarily to limted flow in the |ower River
and irrigation dans at various locations on the R ver.

OBJECTI VE _OF THE STUDY

The need for inproved migration, spawning, and rearing flows in
the Lenmhi River was addressed in the Northwest Power Planning
Council's Colunmbia R ver Basin Fish and WIldlife Program (1984).

The Council directed the Bonneville Power Admnistration (BPA) to
fund the Lemhi River Habitat |nprovenent Program under Section 700
of the Fish and WIdlife Program On August 17, 1984 the BPA
retained Ot Water Engineers, Inc. to perform this Study under
Contract No. DE-AC79-84BP17447.

The Study was performed in three phases:

o Phase | - Literature Search, Probl em Description,
Hydr ol ogy, and Stream Survey.
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o) Phase 11 - Analysis of Al ternatives for Habi t at
Enhancenent .

o Phase 11l - Detailed Stream Survey, Estimate of Snolt
Production, and Benefit/Cost Analysis.

The objective of Phase | was to identify the problem and revise
the scope of work contained in the contract, if necessary, to
facilitate a cost-effective and thorough analysis that neets the
requirements of the cognizant agencies. Additional efforts in
Phase |, Literature Search and Hydrol ogy, provided the background
i nformation necessary for Phase 11. Phase Il was a devel opnent
and analysis of enhancenent alternatives. The objective of Phase
Il was to investigate enhancenent alternatives to a |evel that
determined if they are individually feasible, or sonme conbination
of alternatives is feasible. The objective of Phase IIl was to
determine the auantity and quality of spawning and rearing habitat
that would be available to anadronbus fish if alternatives

devel oped in Phase 11 were inplenented. Furt her objectives of
Phase 11l were to determne the snolt production capability of the
Lemhi River if habitat enhancenent neasures are inplenented, and
finally to determne the benefit/cost ratio of pr oposed

al ternati ves.

Phase | of the Study is reported in Chapter 3. The description

and analysis of enhancenent alternatives, Phase Il, are presented
in Chapter 4. The details of the benefit analysis, benefit/cost
ratios, and results and conclusions, which conprise Phase Ill, are

given in Chapters 5, 6, and 7.
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CHAPTER 3

ANALYSI S

In the analysis portion of the Study, data and analysis results

were conpiled as input to Phases |l and |1l of the Study. The
collection and analysis of background information was performed in
a step-w se process. Each nil|lestone represented the conpletion of

a Study task, tor which OIT produced a draft task report.
Throughout the Study, and especially in developing prelimnary
designs for alternative solutions, nodifications and additions

were nmade to the approach and details of the analysis. Thi s
chapter summarizes the details of our final assessnent  of
background literature, water rights, basin hydrology, naterials

and construction costs, and fish habitat availability.

LI TERATURE SEARCH

During the initial stages of the Study, OIT perforned a

conpr ehensi ve literature search and data collection effort:
subseuuently, OIT identified the types of essential information
that needed to be gathered from agencies, libraries, and per sonal

conmuni cati on.

An  annotated bibliography of data and information sources is
presented in Appendix C. The bibliography is divided into the
follow ng maj or cat egori es: Hydr ol ogy, Wt er Ri ghts and
| egi slation, Fisheries, and Geol ogy. In addition to a description
of the contents for each publication, the utility of that source
is summari zed.

OIT's analyses used all the sources initially collected. Al though
data were collected during the course of the Study, OIT devel oped
the core background nmaterials in the initial stages. I nterviews,
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personal communication, and field trips provided a great anount
of supporting data for the evaluation of alternative sol utions.

WATER RI GHTS | SSUES

BACKGROUND

The division and appropriation of water has created conflict in
the agriculturally-based Lemhi R ver Basin for over 50 years.
Topsoils are generally gravelly or sandy and quite porous,
particularly in the upper portion of the Basin. The exception is
along the lower floodplain where silty loam soils are present.
This conbination of physical <conditions is not conducive to
hi gh-val ue row crops, so the predom nant agricultural products are
al falfa-grass hay and pasture for cattle. Water  supply for
irrigation and donestic use during the sumrer is enhanced
(relative to the sparse anmount of precipitation) by springs and
groundwater in the Basin's hydrol ogic system

ADJUDI CATI ON

Eight petitioners (water wusers in the Lenmhi Valley) initiated the
adj udi cation of water rights in the Lenmhi Basin by requesting the
| daho Departnment of Water Admnistration (now the Idaho Water
Resources Departnment or |IWRD) adjudicate the water resources of

the Lemhi River and its tributaries. Based upon clains submtted
by users, old records and files at IWRD, and field studies of the
Lemhi Valley, the Departnent issued a proposed finding. Thi s
docunent tabulates the water right claimants as well as the
priority, purpose, period of use, and maximum rate of each
di ver si on. The docunent |ists both surface water and groundwater
rights.

The "Proposed Finding of Water Rights in the Lenmhi R ver Basin"
states several factual findings regarding the causes for dispute
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anong water users and the general irrigation practices of ranchers
in the Valley. These findings include:

o There are periods during the year when the appropriated
water rights of irrigators exceed the available stream
flow in the Lemhi R ver and its tributaries. Thus, the

River can be diverted in its entirety at tines,
especially in the spring prior to snowelt and in the
latter part of the summrer when crop demand is highest.

o The diversion of water from Lenmhi tributaries has, at
times, been without regard for the priority of rights of
mai nstem users, which is contrary to Idaho's "first in
tine" policy.

o Wat er right quantities are set by acreage, crop
requi rements, and transport | osses. The all owances for
water loss due to canal and ditch |eakage as well as
application inefficiency are generally high.

0 The Lenmhi Basin has basically no storage facilities.
Generally, during late April or early My, irrigators
apply large quantities of water to their fields to store
water in the soil and to raise the water table. Thi s
practice begins in the upper Lenmhi Basin a few weeks
earlier than in the |ower Basin.

o There are certain mninmum stream flows and required
return flows associated with fish screen facilities
that have been established as part of the adjudication.
However, the priority of these water rights is |ow

o Each user nust install and maintain a suitable headgate
and neasuring device.
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In essence, the docunent outlines the major water use problens in
the Lemhi Valley and specifies the basis on which resources were
di vi ded.

Unfortunately, there are several nmmjor discrepancies between the
requirenents made in the adjudication docunent and the actual

practices by irrigators in the Valley. For instance, orT
di scovered t hat there is no waternaster noni toring wat er
quantities except for the Town Ditch Conpany. I ndi vi dual users or
Board nenbers of the Lenhi Irrigation District (LID) settle
di sagreenents. The LID is an association of water users whose
main function is to arbitrate water use disputes anobng its
nmenbers. Adj udi cated quantities may not at all be related to the
anount of water actually diverted, i.e., ranchers basically take
what they need from the River. This practice is actually |egal,

because according to Ildaho law, wunlimted quantities can be
diverted as long as there are no conflicts for usage. Based on
initial observations, the high allowance for ditch and application
efficiencies seens to be warranted. Most transport <canals are
rough, por ous, and inadequately rmaintained, and application
nmet hods are generally not efficient. During field visits, OIT

found very few headgates were adequate for <correctly neasuring
diverted flow auantities.

The table in Appendix A, developed from the adjudication docunent,
lists all the diversions on the nmainstem Lenmhi River. The
si gni fi cant remar ks referring to "critical" and  "problent
diversions are reaches where fish mgration is nobst conprom sed,
according to Ildaho Departnent of Fish and Gane personnel in
Sal non, |daho. Appendix B gives maps of the River that identify
irrigation diversion and stream flow neasurenent | ocations.
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WATER LAW

There are several facets of water law in the State of |daho which
will affect efforts to inprove conditions for anadronpbus fish in
the Lemhi River.

The following statements affect the general approach to the Study
or the consideration of several alternative sol utions:

o) Al water in natural channels, |akes, and springs is the
property of the State of ldaho and is therefore subject
to appropriation, including qroundwater. Any al terna-

tives which consider replacing or supplenmenting surface
diversions wth spring or groundwater sources nust
account for the process of securing the appropriate
wat er rights.

o A water right is not a property right in itself; it
becomes an appurtenance of the land to which it is
appl i ed. This is the reason that the status of instream
rights on the Lemhi is in question. Al though the State
considers fisheries to be a beneficial use, al |
currently-established mnimum flow bypass rights at
screen facilities are specified for only a point source,

not for a length of river or stream There is a
possibility that instream rights could be established.
However, instream flows would have to be associated with

prior (old) water rights in order to be beneficial to
fish on a consistent basis.

o No user can interfere with prior right diversions, i.e.,
the first in tinme is the first in right. This principal
will affect any alternative which includes obtaining new

instream rights or the purchase of old water rights.
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o) After a construction permt is issued to install a
diversion or storage structure or sone other instal-
lation for beneficial use, work nmust begin within five
years. Such a law would apply to any alternatives for
bui |l di ng permanent diversion or dam structures.

o It is the policy of Ildaho water law to secure the
maxi mum use and benefit from water resources in the
State.

o In order to obtain the water quantity to which a

claimant is entitled, claimants can alter the R ver bank
or bottom w thout obtaining the wusual permts for
channel alteration. Thus, each vyear claimants use
bul | dozers, rocks, and hay bales to build tenporary dans
whi ch sonetines extend the width of the River.

The following statements affect the consideration of specific
alternative solutions:

o Sever al legalities nmust be weighed when assessing
gr oundwat er irrigation or t he possibility of
suppl enenting stream flow in the Lemhi with well water.
The nmethod or type of di versi on (surface versus
groundwater) may be changed if the rights of other

claimants are satisfied. However, changing the type of
right (i.e., from surface right to groundwater right)
does not nmamintain priority. Wen wells interfere with

each other or wth surface diversions, the policy of
prior rights applies: historic punping l|evels nust be
mai nt ai ned.

o Purchasing land with old surface water rights and

changing the beneficial use to fisheries is one of the
alternatives under study. The |1WRD nust be provided
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with information regarding the transfer or sale of a
wat er right, and all such actions are subject to
Depart nment approval . In this case, the “new beneficial
use (fisheries) would have the sane priority as the
“old" beneficial use (irrigation) if both rights were of
the same type (i.e., a surface water right).

o A general policy exists for wusing water efficiently.
Even though a water right is attached to the acreage to
which it is applied, a right can be obtained by sinply
diverting flow and applying it to beneficial use. These
factors could allow water "saved" through irrigation
efficiency to be applied on different or new acreage.
However, this possibility is lessened by the fact that
there is alnbst no available land in the lower Valley
for expansion and that desert reclamation in the upper
Basin is expensive.

o Installation of a storage reservoir in the Lenmhi system
is an alternative that has been studied since the 1940s
by the Bureau of Reclamation and Corps of Engineers, and
is subject to nunerous |egal requirenents. If stream
flow is interrupted by the storing of water in a dam
downstream water claimants have a right to "ordinary"
flow if needed. Storage rights are treated separately
from other types of consunptive uses, and are considered
to be a different type of right.

ALLOCATI ON

The nethod by which water rights are allocated is site specific
and based upon consunptive use and various |losses for a particular
appl i cati on. In the past, a mner's inch per acre has been used
for determning allowable water requirenents. For 100 acres, this
would ampunt to about 3 cfs throughout the irrigation season.
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More recently, considerations have been qgiven to crop requirenents
and transport or application |osses.

In the Lenmhi Valley, about 1.5 to 2.0 acre-feet per acre are
reauired at the field to satisfy the consunptive use of the crops

and the evaporation |oss over one irrigaton season. Dependi ng on
the location of the field and the nmethod of irrigation, |osses are
added for application inefficiencies, per col ati on, and ditch
| osses. On a basin-wi de average, this total anounts to approxi-
mately 15-20 percent of the water right at the field. Upon
determning the land area and water requirenent for the point of
di version, a water volunme can be cal cul at ed. Using the period of

irrigation, a quantity of flow is then conputed which is the
maxi rum anount allowable for diversion.

Al'though this analysis is fairly detailed to evaluate the flow
actually needed by a claimant, one nust renenber the general |aw
of "beneficial use". This allows ranchers to divert virtually all
of the spring runoff in the Basin for intense application to their
fields in order to store water in the soil.

CONCLUSI ON

The water availability and allocation problens in the Lemhi R ver
Basin are conplex and not subject to sinple solution. One of the
factors conplicating this Habitat Inprovenent Study is the water
law relating to irrigation and drainage. Basically, these |aws
were established to favor agriculture as the nost beneficial use
and to settle disputes anong claimnts. In evaluating the
alternative solutions for the Rasin, both the legalities and
practical application of water rights issues were considered.
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HYDROLOGY

I NTRODUCTI ON AND OBJECTI VE

The Lenmhi River Habitat |[|nprovenent Study required an evaluation
of the hydrologic characteristics cf the Lemhi Valley. OrT s qoal
was to assess the interaction between surface water runoff,
groundwater influences, and irrigation withdrawals in order to
define the frequency and quantity of low flows at certain critical
reaches. In addition, OIT identified steel head and chi nook sal non
m ni mum flow requirenents for passage. The conbi ned products from
these analyses resulted in the stream flow quantities which nust
be provided for successful fish passage.

This section presents the results of our analysis, which provided
the basis for prelimnary design of alternative solutions and for
OIT's recommendations for inproving fish passage and habitat in
the Lemhi River.

APPROACH

In order to achieve these objectives, the work was divided into
four subtasks as foll ows:

Subtask 1 : Target M ni mum Fl ows
Compute the stream flow necessary for salnon and
st eel head passage.

Subtask 2 : Existing Low Fl ows
Det er m ne t he quantity and f reauency of
occurrence of historical lowflow periods at
critical reaches.
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Subtask 3 : Flow Augnentation
Cal culate the quantity of flow which nust be
added to the River in order to satisfy fish
passage requirenents. Al so, attach a frequency
and armount of time (duration) to these stream
fl ow val ues.

Subtask 4 : Goundwater Hydrol ogy
Devel op the groundwater and geologic paraneters

necessary for eval uati ng alternatives t hat
i ncl ude groundwater punpi ng.

REACHES AND SUBREACHES

The Lenmhi River and Hayden Creek were divided into stream reaches
based on major hydrologic inflow points, observable differences in
channel type, and areas identified as historically critical to
fish passage due to extended |owflow periods. These critical
reaches have been defined through field investigations and
consultation with |Idaho Departnent of Fish and Gane (IDFGQ.

Eight major river reaches have been defined for the Lenmhi River

and its main tributary, Hayden Creek. These are shown on
Fiqure 3.1. Each reach was nunbered sequentially so that
subreaches could be identified with a lettering system (e.g., |A
1B, IC etc.). Subreaches for Hayden Creek were also defined with

this nunber-letter code system
The eight reaches and their locations are as foll ows:

1. Lemhi R ver - Muth (RM 0.0) to Baker (PM 12.0, at
L-11*).

* Refers to surface water diversion. See Appendi x B.
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2. Lemhi R ver - Baker (RM 12.0, at L-11) to Agency Creek
Confluence (RM 22.8, at L-30).

3. Lemhi River - Agency Creek Confluence (RM 22.8, at L-30)
to Hayden Creek Confluence (RM 30.3, at L-41).

4, Lemhi River - Hayden Creek Confluence (RM 30.3, at L-41)
to Big Eightmle Ceek Confluence (RM 45.1, at L-58A).

5. Lemhi River - Big Eightmle Creek Confluence (RM 45.1,
at L-58A) to Confluence of Ei ghteenmle Creek and Texas
Creek (RM 52.3, at L-63).

6. Lemhi River - Headwater Streans (above RM 52.5).

7. Hayden Creek - Muth (CM 0.0) to East Fork Confluence
(CM9.1).

8. Hayden Creek - Headwater Tributaries (above CM 9.1).

DI VERSI ON AND MEASUREMENT LOCATI ONS

OIT mapped and tabulated the location and flow auantities for all

di versions along the mainstem Lemhi River. These data provided a
basis for analyzing the hydrology of the Basin because of the
i nportance of flow diverted for irrigation. During spring and
sumer of 1985, OIT nmade three trips (My, June, and July) to the
Lemhi Valley to neasure flows in the River and collect
i nf ormati on. OIT also gathered records of flow neasurenents taken
by the Lemhi Irrigation District (LID for several irrigation
seasons.

OT and the LID flow neasurenent |ocations and diversions are
l[isted in the table in Appendix A OIT locations are prefixed by
"LOC" and LID neasurenment points are given a prefix of "LM. The

3-12



irriqgation diversions have the prefix "L". These identifiers wll
he referred to in the followng sections addressing target and
predicted historical mninmm flows.

TARGET M NI MUM FLOW5
oj ecti ve

The purpose of this subtask was to estimate mninmum flows for
upstream sal non and steel head passage in the Lemhi River system
The results were conpared wth historical |owflow values of
various frequencies in order to determne the flow quantities
which nust be conserved or added to the system at critical
| ocati ons.

Stream Fl ow Dat a

Flows at various points alonqg the River are a function of runoff,

tributary i nflow, gr oundwat er contri buti on, and irrigation
wi t hdr awal s. OIT staff took flow neasurenents at 28 consistent
| ocations along the Lenmhi River and its tributaries during each
field trip. OIT also neasured many other |ocations along the
River and in irrigation ditches during the June and July trips.
St af f then conputed depths, vel oci ties, and several ot her

hydraulic paraneters for the transect neasurenents at each
| ocati on.

M ni mum Fl ow Anal ysi s

In determning instream flow quantities for salnon and steel head,

orT col | ect ed informati on on fish passage requirenents.
Addi tionally, OIT reviewed literature pertaining to studies
conducted on the Lenmhi River Rasin. Using selected criteria, the

results of our hydrologic studies and cross-section surveys, OIT
performed a hydraulic analysis to conmpute mnimum flow for various
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reaches of the River. Instream flows recommended by OIT's Study
are based on transect neasurenents within five of the Lemhi R ver
Basi n reaches. The Study also determined a mnimum flow for
Hayden Creek near its confluence with the Lenhi.

A relatively limted amount of information is available on passage
reuuirements for adult anadronous fish and snolts. Most i nstream
flow studies are oriented toward spawning habitat, such as those
conducted on the Lenmhi R ver by Cochnauer (1977) and on Big
Springs and Big Tinber Creeks by Horton (1982, 1984). Because of
the inportance of adult passage problens on the Lenmhi, created by
low-flow periods conbined wth irrigation diversions, orT
devel oped a depth-flow function.

Fish Mgration

Anadronmpus fish in the Lenmhi R ver Basin must nmaintain their flow

requirements for upstream and downstream passage, spawni ng,
i ncubati on, rearing, and for nmaintenance of water quality
(Goodni ght and Bjornn, 1971). The discussion below is directed

t owar ds the problem of upstream passage because of t he
consequences which can occur, such as decreased run size, when a
generation of adults is prevented from spawni ng.

Mgration timng in the Lenmhi River varies considerably from year
to year. This probably results from variations in tenperature and
turbidity downstream from the Lemhi in the Salnon River, and flows
within the Lemhi Basin. Figure 3.2 shows average timng of adult
steel head and chinook salnon based on data from the Lemhi weir
trap taken between 1965 and 1975 (Bj ornn, 1978). During sone
years, salnon returns peak as early as md-June, while delayed
runs in other years may peak in md-July with a secondary peak in
early Septenber. It is therefore inportant that instream flow be
carefully nonitored to coincide with fish periodicity each year,
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or that mnimum flows be naintained throughout the potential
m gration season.

Passage Criteria

Instream flow criteria for passage nmainly involve water depth,

al though the Study considered water velocity, channel wi dt h,

length of critical passage area, and other factors. Thonpson
(1974) and the Oegon Departnent of Fish and WIldlife (O egon
Met hod) proposed depth criteria in natural streans for salnon and
steelhead as 0.8 feet for <chinook and 0.6 feet for adult
st eel head. These depths assunme that passage is across a shallow
bar of limted |ength. In these studies, passage criteria had to
be met over a continuous section of channel representing at |east

10 percent of the stream w dth. No criteria were given for length
of the passage bl ockage.

Based on OIT's neasurenment of stream flows at 28 transect
|ocations wthin the five River reaches, it appears that
velocities are not a limting factor for passaqge during |low flows.

Limting areas appear to be short blockages near irrigation
diversions or longer riffle areas where the fish my have to
sustain swimming for distances of several hundred feet in shallow
riffles.

Passage criteria that were utilized:

L. For passage bl ockages less than 20 feet in |ength:
a. Aver aae channel depth nust exceed 0.8 feet, or
b. Maxi mum channel depth should be at least 1.0 feet

over a continuous section of 10 percent of the
stream wi dt h.
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2. For bl ockages over 20 feet in lenqth, requiring
sustai ned sw mm ng:

a. Average channel depth should be at least 1.0 feet,
or
b. Maxi mum channel depth should exceed 1.25 feet over

at least a continuous section of 10 percent of the
stream w dt h.

OIT evaluated each nmeasured cross section seoarately so the proper

set of criteria, 1 or 2, could be applied. Subsequent |y, m ni num
flows were conputed using the nmethod described bel ow

FIl ow Conputati on

Using the depth criteria and transect neasurements taken during
May, June, and July of 1985, OIT conputed hydraulic paranmeters so
that Manning's equation could be used to devel op m ni mum fl ows.

Transect surveys were plotted and flows were conputed for each
neasurenent taken on the Lemhi River and Hayden OCreek. From t hese
plots, certain variables from Manning's equation could be conputed
for field-observed flows, such as o0, R (or AW), and A
Inserting an estimated value for channel roughness, n, the energy

slope for neasured flows could be calculated by using Mnning' s
equat i on:

Q = |n49 AR2/3 Sl/2
wher e:
Q = flow (cfs)
= roughness coefficient
area (ft?)

n =

A =

S = slope (ft/ft)

R = hydraulic radius (ft)
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Channel depth, stream wi dth, and blockage length criteria were
applied to the neasurenent |ocations along the Lenmhi River using
the transect plots. The criteria depths resulted in new val ues
for A wetted perinmeter (W) and R These hydraulic paraneters,
conbined with the previously calculated energy slopes and the
estimated roughness coefficients, allowed the conputation of
m nimum flows at each neasurenent | ocation.

M ni mum Flow for Channelization

In addition to estimating mnimum flows for the existing River
channel, OIT applied passage depth criteria to the artificial
channel cross section, described in the Flow Concentration Section
of Chapter 4. Channelization is intended to concentrate |ow flows
in the thalweg (rmain flow channel) in order to enhance mgration.
Using a typical river slope and roughness, the resulting mninm
channel flow is 6 cfs in the excavated channels.

Resul ts

Based on the approach of conbining depth criteria with a hydraulic
anal ysis, OIT devel oped mninum flow reconmendati ons. These fl ows
are summarized in Table 3.1. Each mninmum flow is identified with
a nmeasurenent |location code (Appendix A) , river mle, criteria
sel ection, and reach nunber.

EXI STI NG LOW FLOWNG

(bj ectives and Approach

The objective of performng a hydrologic analysis of the Lenhi
River was to reconstruct flows at "critical" reaches, W t h
particul ar enphasis on the lowflow regine. Lowflow guantities
and the frequency with which these occur are inportant because of
the inpacts on chinook salnon and steel head m gration.
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TABLE 3.1

M N MM REQU RED FLOANS FOR UPSTREAM PASSAGE

LEMH Rl VER
RIVER M N MM
M LE FLOW
LOC #* (M) (CFS) LOCATI ON REMARKS
| 1.20 28.1 between L-lI and L-2
2 4.70 25.3 bet ween L-3A and L-3B
8 7.07 19.0 downstream of L-5
7** 7.14 20. 3 i mredi ately downstream of L-5
4** 7.33 14.5 i mredi ately downstream of L-6
5 7.42 11.9 i mredi ately upstream of L-6
9 9.20 29.0 between L-8 and L-8A
10 13.10 35.2 at L-14
11 16. 65 35.0 bet ween L-19A and L-20
13 18. 30 39.3 between L-23 and L-24
14 22.70 39.9 just downstream of L-30
15 25.00 26.1 at USGS gage
16 25. 60 31.9 j ust downstream of L-31A
17 28. 50 23.9 bet ween L-38 and L-39
18 29. 90 22.1 bet ween L-39 and L-40
20 30. 80 25.0 upstream of L-42A & B
21 33.50 24.9 downstream of L-49
22 37.10 25.8 upstream of L-45D
23 39.50 37.1 at L-48
19 H 0. 50 16. 4 Hayden Creek near confluence with Lemhi
These are OIT neasurenent |ocation codes. See maps in
Appendi x B.

** Most critical |ocations for passage during |ow flows.
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The task included three steps:

o Acquisition and evaluat ion of basic hydroneteorologic
dat a.
o) Data analysis, including estimation of irrigation and

groundwater return flow along the Lemhi River.
o Reconstruction of flows and derivation of flow duration
and flow frequency curves for critical reaches between

Leadore and the confluence with the Sal nbn R ver.

Data Acquisition

Stream Fl ow Dat a

The U.S. Geological Survey (USGS) has collected stream flow data
at a nunber of sites in the Lenmhi Basin. LID and OIT also have
made numerous mscellaneous measurenents of both mainstem flows
and irrigation w thdrawals. Maps in Appendix B delineate OIT and
LID nmeasurenent |ocations. Table D.I in Appendix D gives the
station nanes, drainage area, and periods of record for the
avai l able USGS data. The locations of the principal gagirg
stations are shown on Figure 3.3.

On Table D.I the only USGS gage now in operation is gage 13305000
(Lemhi River near Lemhi). This gage provides the record OIT
utilized in correlating gaged flow with mscell aneous measurenents
taken by LID and OIT to develop a flow nodel. The record starts
in 1938, with gaps from 1939 to 1955 and from 1963 to 1967. Dat a
collected prior to 1967 were taken at a site 1.4 miles upstream of
the current gage |ocation. There are three large irrigation
diversons between the old and new gaging stations: therefore,
only data collected at the present gaging site since 1967 were of
value for use in this Study.
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Precipitation and Tenperature Data

The National Wather Service has <collected daily precipitation
data at both Salmon and Leadore and daily maximum and m ni num

tenperatures at Sal non. Station characteristics and periods of
record are given in Table D.2 and the station |ocations are shown
on Figure 3.3. Boxplots of nonthly precipitation at Salnon are

given in Figure D.I.
Snowpack Data

The Soil Conservation Service operates several snow survey sites
in the higher elevations of the Lenmhi Basin from which snowpack
wat er equivalent may be obtained for the first day of every nonth
from January through April. Table D.3 shows the station elevation
and period of record. Figure 3.3 shows the survey sites.

Data Analysis and Results

Reconstruction of low flows in the Lenmhi River was based on the
analysis of daily stream flow data at the USGS gage near Lenhi
from 1968-1984 (a total of 17 water years). Appr oxi mat e
rel ati onships were developed to correlate low flows at the gage
with those at critical diversion points. These relationships were
established by conparing mscellaneous discharge neasurenents at
various locations on the Rver with concurrent data for the gage
using a mass bal ance anal ysi s.

The nmean quartiles (25 percent, 50 percent, and 75 percent
exceedances) of the nonthly flows at the Lemhi gage for the period
of water years 1968 through 1984 are given in Table D.4, and
plotted in Figure D. 2. Fl ow duration curves based on daily data
were also calculated for the Lenmhi gage for the nonths of March
t hrough Septenber and are shown in Figures D.3 through D.9.
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Annual 15-day low flows were then calculated from daily flow data

for two flow seasons, "spring" and "sunmer". These data were
ranked and plotted on probability paper. Fitted | og-nornal
probability distributions were devel oped and graphed. Curves for
the gage are presented in Fiqures D.10 and D.Il in Appendic D, and

for Hayden Creek on Figures D.12 and D 13.

FI ow Seasons

Two flow seasons were defined for the irrigation period. Thi s was
necessary to differentiate between normal groundwater return
flows, and higher return during the sumer flows due to excessive
flood irrigation. Timng and intensity of the irrigation season
fluctuates from year to year, depending on climatic conditions and
avai |l abl e stream fl ow. Therefore, the occurrence of peak flow due
to snowelt was selected to divide the spring and sumer seasons.
The spring season extends from md-March to the peak of R ver flow
due to snowrelt, while the sumrer season extends from peak flow
t hrough m d- Cct ober. M d-March and md-Cctober are the limts on
the period of irrigation in the Lemhi Valley.

The shape of the curves in Figures D.10 and D.11 shows that the
probability and intensity of lowflow events vary considerably
between the spring and sumer seasons. Spring stream flows are
nost variable because the snowrelt runoff, snowpack quantity and
qual ity, t enperature, rainfall, and irrigation di versi on
wi thdrawal s all can interact in conbinations of timng and
magni t ude. This is the reason why critical |lowflow events occur
relatively frequently in the lower Lenmhi Valley.

Low Fl ow Durati on

A duration of 15 days was established as the critical lowflow
duration. This represents the approxi mate anmount of tine required
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to produce a blockage to salnmon and steelhead mgration from the
mouth of the Lemhi to the headwaters, where habitat is nost
abundant (Buell, pers. comm). OIT devel oped frequency curves for
7-day and 15-day |ow fl ows. These curves were very simlar.

Groundwat er Return

I nt ense fl ood irrigation contri butes significantly to the
groundwater return flows during the mid to late irrigation season;
t herefore, groundwater returns are generally lower and nore
consistent in the spring season. It was determined that different
groundwater return flow rates occurred at four reaches.

Once irrigation water percolates and noves through the aquifer,
return flows increase during the summer season. Then they becone
highly dependent on the soil and rock characteristics of the
aquifer along the floodplain of the Basin. Thus, six reaches
exhi biting uni aue gr oundwat er return characteristics wer e
identified for summer flow anal yses. Boundaries of flow reaches
were set at LID or OIT nmeasurenent |locations to coincide with the
mass bal ance anal ysis.

Hayden Creek Analysis

In order to predict stream flow upstream of Hayden Creek, the
major tributary to the Lenhi Rver, an analysis was nmde of
contributing flow Bureau of Reclamation records as well as OIT
and LID neasurenents of Hayden Creek flow were used to correlate
daily data at the USGS gage at Lenmhi to the data taken at Hayden

Cr eek. Rati os were developed relating average nonthly flows on
Hayden Creek at the nmouth to those at the Lemhi River gage. These
ratios are presented in Table D.5 (Appendix D). A synthesi zed

daily flow record for Hayden Creek was then created and used in
assessing 15-day low flows (Fiqures D.12 and D.13).
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East/West Channel "Split"

Several critical areas have been identified in the East Channel
upstream of the point where the River "splits" (between L-58B and
L-580C). Therefore, an estimate was developed for the average
division of flow between the East and Wst Channels. Field data
collected by OIT and Buell & Associates, Inc., show approximtely
55 percent of total Lenmhi R ver flow upstream of the "split" is in
t he East Channel .

Lemhi Ri ver Fl ow Mbdel

G oundwater return flows were estimated to develop a nodel for
further estimating 15-day |low flows upstream and downstream of the

USGS gage. Total return flow represents the sum of groundwater
returns via the Basin aquifer (deep percolation) plus surface
returns from irrigation waste. These estimates were nade using

Lemhi River and diversion canal neasurements taken by OIT during
1985 and LID during 1979, 1981, and 1983. Measurenents of Hayden
Creek are included also in these data.

In addition, the average wutilization (percent) of adjudicated
water right was quantified. Because of the trenmendous influence
that irrigation withdrawals have on Lenmhi River flow, this factor

is inmportant to the estimation of both return and stream fl ows.

A mass bal ance approach was taken in applying data gathered by OIT
and LID to estimate return flow The general equation foll ows:

@ = QL - (DIVERSIONS * WRU) + (RETURN RATE * (RM - RW))

wher e: @ = a neasured or predicted flow downstream of Q,
(cfs)
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DIVERSIONS = the sum of diverted flow between Q,
and @2 sites (cfs)

WRU = average fraction of water rights utilized
(Yused/ | OO%
RETURN RATE = groundwater and surface return flow

rate (cfs/mle)
river mle of 01 site (m)
river mle of Q2 site (m)

RM
RV

Val ues obtained for return flow rate were assessed to determne
seasonal average val ues. D version canal neasurenents also were
analyzed for developing water right wutilization percentages for
spring and sumer. Subsequently, these results were integrated
into a nodel for conputing seasonal 15-day low flows at each
di ver si on. Return flow and WRU values are presented in Table 3.2
for specified reaches. These paraneters were wused in all
alternative solution designs.

Predicted 15-day |ow flows, imediately below each irrigation
diversion for return periods of 2, 10, 20, and 50 years, are shown
in Tables D.6 (spring) and D.7 (sumer). Mean seasonal 15- day
low flows, which were used in assessing fisheries benefits, are
given in Tables D.8 and D.9. These were created by applying
shifts to |owflow values devel oped for the USGS gage.

FIl ood Frequency Analysis

I nst ant aneous high flows were obtained from the USGS for each year
of record at the gage near Lemhi. These flows were ranked and
plotted on log probability paper. Upon fitting a curve to the
data, the 50-year design flood for the R ver at the USGS gage was
estimated at 2,050 cfs.
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TABLE 3.2

RETURN FLOAS AND WATER RI GHT UTI LI ZATI ON

SPRI NG SEASON

Water Right Uilization = 85%

Reach River Mle Return Flow (cfs/nile)
Mouth to LM3 0.0 to 8.9 8.0
LMB to USGS Gage 8.9 to 25.0 7.0
Gage to "split"* 25.0 to 45.9 4.0
Upstream of "split" 45.9 to 52.3 4.0
(channel s)

SUVMER SEASON

Water Right Uilization = 100%

Reach River Mle Return Flow (cfs/nile)
Mouth to LM3 0.0 to 8.9 11.5
LM3 to USGS Gage 8.9 to 25.0 14.0
Gage to LOC21 25.0 to 33.5 6.5
LOC21 to LOC23 33.5 to 39.5 4.0
LOC23 to "split" 39.5 to 45.9 8.0
Upstream of "split" 45.9 to 52.3 6.0
(channel s)

* Point at which River splits into two basic channels, East
Channel and West Channel, approximately seven mles north of
Leador e.
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FLOW AUGVENTATI ON

(hj ective and Approach

To inprove fish passage and habitat in the Lemhi R ver, stream
flow during dry or critical periods could be augnmented through
surface water conservation, groundwater punping, regulation, or

other alternatives. The objective of the flow augnentation

subtask is to determne the quantity of water that nust be
provi ded, by single or conbined alternatives, in order to inprove
sal non and steelhead migration in the Lenmhi River. The results of

the flow augnentation analysis were wused in the prelimnary

devel opment of alternative solutions.

Anal ysis and Results

The stream flow augnentation quantity for a particular reach is
the difference between the required flow for fish passage under
present channel conditions and the historical 15-day low flow at

that | ocation. Tables 3.3 and 3.4 present flow augnentation
quantities at critical | ocati ons for spring and sunmer,
respectively. Zero values indicate mnimm flows for passage have

been net historically for river flows of that return period.

Sever al options, described in Chapters 4 and 5, i ncl ude
channel i zation of the riverbed. Return periods were identified
for the mnimum flow requirenment in the design channel. Table 3.5

identifies quantities for spring and summer at the tw nost
critical locations, below L-5 and L-6.

GROUNDWATER | NVESTI GATI ON

(hj ective and Approach

The purpose of investigating groundwater in the Lemhi Basin was to
gather information and perform a generalized analysis of soil and
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TABLE 3.3

FLOWV AUGVENTATI ON QUANTI TI ES

SPRI NG

AUGVENTATI ON  LOCATI ON M N MUM FLOW (CFS) & LOCATI ON STREAM FLOW AUGVENTATI ON_(CFS)
CRI TI CAL REACH RIVER Rl VER M NI MUM RETURN PERI OD (YRS)

DESCRI PTI ON MLE DESCRI PTI ON M LE FLOW 2 10 20 50
Bel ow L-5 7.14 LOC7 7.14 20.3 0 20. 3 20.3 20.3
Bel ow L-6 7.40 LOCA 7.33 14.5 0 14.5 14.5 14.5
Bel ow L-7 8. 30 LOCS 7.42 11.9 0 0 9.7 11.9
Bel ow L-20 16. 70 LOC | 16. 65 35.0 0 0 0 4.85
USGS Gage 25.00 LOCL15 25.00 26.1 0 0 0 0
Bel ow L-41 30. 30 LOC20 30. 80 25.0 0 0 0 0

Not e:

Augnentation quantities assune that flow added or conserved at a specified |ocation
will not be diverted downstream



0e—

TABLE 3.4
FLOWV AUGVENTATI ON QUANTI TI ES

SUMMER

AUGVENTATI ON_ LOCATI ON M N MM FLOW (CFS) & LOCATI ON STREAM FLOW AUGVENTATI ON ( CFS)
CRITI CAL REACH RIVER Rl VER M NI MUM RETURN PERI OD ( YRS)

DESCRI PTI ON MLE DESCRI PTI ON M LE FLOW 5 10 20 50
Bel ow L-5 7.14 LOC7 7.14 20.3 0 20. 3 20.3 14.5
Bel ow L-6 7.40 LOCA 7.33 14.5 0 12.1 14.5 14.5
Bel ow L-7 8. 30 LOC5 7.42 11.9 0 0 0 0
Bel ow L- 20 16. 70 LOd | 16. 65 35.0 0 0 0 0
USGS Gage 25.00 LOd 5 25. 00 26.1 0 0 0 0
Bel ow L-41 30. 30 LOC20 30. 80 25.0 0 0 0 0



TABLE 3.5

FLOWV AUGVENTATI ON QUANTI TI ES
FOR CHANNELI ZATI ON

SPRI NG
RETURN PERI OD ((YRS)

LOCATI ON 2 10 20 50

Bel ow L-5 (LOCY) 0 6.0 6.0 6.0

Bel ow L-6 (LOCA) 0 6.0 6.0 6.0

(actual return period tor 6.0 cfs below |-5 is 4.5 years)

SUMVER

Bel ow L-5 (LOCT) 0 6.0 6.0 6.0

Bel ow L-6 (LOCA) 0 3.6 6.0 6.0

(actual return period for 6.0 cfs below L-5 is 3.3 years)

Note: A mninmum flow of 6 cfs is assuned for the design channe
which is described in Chapter 4.
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geol ogi ¢  paraneters. This provided a basis for evaluating
alternatives that involve groundwater punping. Soils anal yses
also were wuseful in assessing all alternatives that include
irrigation, water transport, or storage.

In addition to feasibility testing, soils and geologic data were
used to estimate the interaction between Basin groundwater and the
Lemhi  River. Based on field observations and neasurenents,
groundwat er contributes significantly to Lemhi River stream flow

Dat a Sour ces

The  Soil Conservation Servi ce provided a soils mgp and
interpretation records of soils in the Valley. The U. S
Ceol ogi cal Survey provided geologic data and reports as well as
expert consultations. The geology of the lower Lenmhi Basin has
been mapped by A L. Anderson (1956-1961). E.T. Ruppel has recent-
Iy done intensive work on the upper Valley. In addition, valuable

background information was gathered from personal conversations
with local ranchers and agency personnel in the Lenmhi Valley.

Anal ysi s

Reqi onal Ceol ogy

The Lemhi Val ley and adjacent nountain ranges lie wthin the
norhtern Rocky Mountain physiographic province. Thi s northwest -
trending, broad, Ushaped, glacial-cut Valley is bounded by two
nountain ranges, the Beaverhead to the northeast and the Lemhi to

t he sout hwest. Bedrock wunits in these nountain ranges are not
inportant aquifers and are not addressed in this section. The
Lemhi Valley floor is domnated by Late Tertiary and CQuaternary
alluvial, colluvial, and glacial deposits. These are sequences of
successive alternating sand, gravel, and clay |ayers. Fl ood plain
alluvium consists of various unconsoli dated, poorly-sorted,

cobbl es, gravels, sand, and silt.
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Reqgi onal Soils

The occurrence of soil types in the Lenmhi Valley varies from the
upper to the [|ower r eaches. For the purpose of this
investigation, <concern is given to the soils which affect the
aqui fer.

Soils on the River flood plain throughout the Valley consist of
the Fury-Levelton-Keele group. These are noderately- to poorly-
drained soils on bottom |lands and alluvial fans. The soil profile
in the lower Valley consists mainly of the Pattee-Geertsen-Lacrol
association close to the flood plain. These are generally deep,
wel | -drai ned soils weathered from bedrock. The Pattee series is a
silt loam with gravelly sand and is the major irrigated soil in
t he area. The flanks of the lower Valley contain soils of the
Dawt oni a- Dacore- Cronks association and are very deep, well-drained
soils that formed in alluvium or colluvium from extrusive igneous
rocks. The upper Basin consists alnost exclusively of the
Wi t enob- Pahsi ner oi gr oup. These are very deep, excessively-
drained soils fornmed in alluvium from m xed geologic materials on
fan terraces. Percolation of irrigated water into these gravelly
sandy | oam soils is rapid.

Groundwat er CQccurrence

G oundwater occurs in virtually all of the geological formations

in the Lemhi Basin, but varies in anount. The Quaternary Tertiary
sedinments are by far the nost inportant aquifer in the Lenmhi and
adj acent basi ns. High yields occur in the upper Valley where
these sedinents are thick and laterally extensive. The Vall ey

narrows near the confluence of Hayden Creek, and sedinment depth
becones less, resulting in potentially lower yields from wells and
1 ower return flows. Conpl ex relationships between bentonitic clay
layers and these sedinments nmake the extent of confining beds
undefinabl e w thout geophysical exam nation and aquifer tests.

3-33



G oundwat er Mvenment and Return Fl ow

The U.S. Ceological Survey has napped the potentionetric surface
in the Lemhi Basin, which illustrates a generalized direction of
groundwat er novenent. Figure 3.4 was created from the USGS nmap.
Groundwater tends to nove from areas of high to low altitude.

The novenent of groundwater in relation to the Lemhi River is
i mportant when discussing return flow and |ocation of wells. The
upper Valley is a broad basin with a thick sequence of sedinents.
The direction of water novenent is directly towards the River.
Valley width decreases in the lower Valley as does sedi nent depth.
The geology and soils also become nore conplex, which influences
groundwat er  novenent . The direction of novenent is nearly
parallel to the Lenhi Rver in the downstream direction. There
are sites where punping is not possible unless irrigators up the
Vall ey start operations early, supplying the aquifer with
percolated irrigation water. These delicate balances in the |ower
Valley dictate that careful consideration should be given to well
pl acenent .

The return flow rates conputed in the previous section were
val idated by evaluating data from the Lenmhi Basin, utilizing data
from simlar basins, and comunicating with irrigators and agency
per sonnel .

The Pahsinmeroi Rasin to the southwest is simlar in climte,
topography , and geol oqgy. Water Information Bulletin No. 31
rel eased by the Idaho Department of Water Adm nistration recorded
groundwater levels in selected wells in the Pahsinmeroi River Basin
t hroughout the annual cycle of 1974. Wien these graphs were
conpared with a graph of nmean nonthly precipitation, a rough
estimate of the rate of groundwater novenent could be derived.
The maxi mum precipitation in the Pahsineroi Basin occurs in June.
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The water in wells in the upper Valley reach a maximum level in
July. Maxi mum levels in the mddle and lower Valley occur in

August . This would indicate an approximate two-nonth return flow
rate. Because of the resenbl ance between the Lenmhi and Pahsi neroi

Basins, a simlar correlation can be nade between runoff and
groundwat er recharge. This one and one-half to two-nmonth return
rate has been confirmed through conversations with irrigators and
agency personnel .

VWll Location

The exact location of wells required for groundwater alternatives
cannot be determined wthout an intensive exam nation of
geophysi cal characteristics and detailed aquifer tests. The type
of geophysical examnation and location of aquifer tests woul d
have to be resolved through further study and field investigation.
However, it is obvious that the nost inportant aquifer in the
Valley is in the Quaternary Tertiary sedinents. These sedinents
contain alternating layers of sand, gravel, and clay along wth
silty shales which are locally bentonitic (Anderson, 1961).
Yields from wells in this aquifer depend on conpaction, character

of interbeds, and sorting. Geophysi cal examination could define
the extent of confining beds for possible well sites by
determining yield and probable interference. The nunber of wells

required by an alternative depends on well vyield to neet design
frequency reauirenents and on drawdown. Size and type of punps
depends on the well yield and pumping head at a specific site.

Groundwater Availability and Yield

In evaluating the availability of groundwater at critical sites,
Darcy's Law can be applied using generalized conditions. Si nce
data are insufficient for a detailed aquifer analysis, assunptions
are made to sinplify the nodel:
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0 = KIA

wher e: Q = auantity of water per unit tine
K = hydraulic conductivity, which depends on the
size and arrangenment of water-transmtting pores
I = hydraulic qgradient
A = cross-sectional area nmeasured perpendicular to
the direction of flow
By examning drilling logs, test data from the IWRD, and field

observations, a value for (K was selected for a nmediumqrained
sand and estimated to be 1,000 gal/day/ft2. The value esti-
mated for (1) is .007 ft/ft and was determned from published

potentionetric surface contours (USGS, 1979). Cross-secti onal
areas (A) were calculated by multiplying the Lemhi Valley wi dth at
a given site by the aquifer thickness. This is, at best, an

approxi mate nodel, and the paraneters are estimated.

Based on these generalized conditions, the followng capacities
can be expected from the aquifer in the vicinity of critical Lemhi
River reaches (identified by proximty to diversions):

L6 - 0.87 cfs
L7 - 0.89 cfs
L20 - 0.97 cfs
GAGE - 0.32 cfs
L41 - 0.58 cfs

These val ues also assume noninterference between adjacent wells.

There is a wide range of capacities in wells currently operating
in the Valley. Reported well vyields from the U 'S. Ceol ogical
Survey are from 1 to 300 gal/mn with specific capacities ranging
from |-30 (gal/mn). Because of these low yields, it wuld take a
multitude of wells and a network of pipelines to deliver the
necessary supplenental flow to the critical sites.
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Results

The analysis of Lenhi Basin geology and soils provided data for
adjusting qroundwater inflow values, identifying likely well
| ocations and areas of high return, and estimating well vyields.
These results are used in the analysis of alternative solutions.

COST COVPUTATI ON PARAMETERS

I NTRODUCTI ON

The purpose of developing cost conputation paraneters was to
establish a uniform set of wunit costs used in preparing estinmates
for all enhancenent al ternatives. This would ensure that
alternatives could be conpared on a uniform basis.

Unit costs represent the price for specific quantities of
material, conpletely finished. Exanples are costs for a cubic
yard of structural concrete or a cubic yard of rock excavation.
These are intended to be realistic and representative of actual

field costs. A realistic analysis of alternatives wll be
dependent primarily on the proper estimation of auantities and
application of unit costs. Tables of wunit costs for Spring 1985

dollars are presented in Appendix E

The wunit costs presented in Appendix F are divided into various

| abor and nmateri al cat egori es. Values for labor-intensive
operations or products have been determ ned using cost estimating
gui des and experience. Costs for readily available itenms were
determined from estimates of local suppliers. For itenms of

vari abl e size, such as punps, several different sizes were priced;
internmedi ate sizes were estimated using a scale or equation.

Accuracies of unit costs vary. Values for off-the-shelf items are
within 20 to 30 percent of actual cost in nearly all cases.
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Labor-intensive operations or products nmay vary greatly in price
and are expected to be within 40 percent.

FI SH HABI TAT ASSESSMVENT

ASSESSMENT  OBJECTI VES

The capacity of the Lenmhi R ver Basin to produce spring chinook
sal ron and sumrer steelhead could be increased by inproving fish
passage and rearing conditions in the Lenhi Ri ver. The
enhancenment of stream flows would result in inproved upstream
passage conditions for adult fish mgrating to spawning areas of

the upper Lenmhi, and better downstream passage conditions for

outm grant salnon and steel head. Increased stream flows in the
l ower Lemhi during the lowflow period could also increase rearing
habitat for juvenile fish.

In order to assess the potential benefits of enhanced stream
flows associated wth alternative managenent options (neasured by
adult returns and snolt production), Buell S Associates, Inc. was
retained to develop the data necessary to address the follow ng
two assessnent objectives:

0 To quantify t he rel ationship between salnon and
steel head rearing habitat and stream flow for the Lenhi
Ri ver.

0 To estimate the juvenile chinook salnon and steel head

production that would result in the Lemhi River Basin if
problens with low flow were rectified.

To acconplish these objectives, Buell S Associates inplenmented a

step-wi se benefit assessnent procedure that included the follow ng
el ement s:
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0 A detailed stream survey

0 Determ nation of flow habitat relationships

0 Estimation of habitat availabiltiy at low flow

0 Estimation of habitat availability with enhanced flow

0 Determ nation of rearing densities at full seeding

0 Estimation of rearing potenti al under present and

enhanced-fl ow regines

0 Estimation of Dbenefits of inproved upstream passage
condi ti ons

0 Esti mati on of i ncreased run sizes to result from
i mproved downstream passage conditions

0 Esti mati on of i ncreased run sizes to result from
alternative managenent options

ASSESSMENT  METHODOLOGY

Al streams in the Lenmhi River Basin likely to realize significant
increases in anadronous fish production as a result of Project
i mpl enentation were surveyed at known stream flows between June 23
and August 1, 1985. St reans in the Basin were divided into a
total of eiaht major reaches, based wupon hydrology, channel
characteristics, potential for fish production, and fish passage
problens (Figure 3.1). Maj or reach boundaries were established in
consultation with fish biologists from the I|daho Departnent of
Fish and Ganme (IDFG and Dr. Ted Bjornn of the University of
| daho.
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Fish habitat parameters in the major reaches enconpassing the
Lemhi River, Hayden Creek, and Biq Springs Creek were inventoried

in an extensive stream survey. The entire length of each nmgjor
reach of these streams was walked to inventory available fish
rearina habitat, factors limting juvenile fish production,

obstructions to fish passage, and specific opportunities for
improved fish passage and rearing conditions in the Lemhi Basin.
Gener al stream characteristics examned in each nmgjor reach
i ncl uded:

o Channel geonetry

o Shadi ng and bank condition

o Poi nt and non-poi nt sedi nent sources

o Barriers to juveniles and adults

o I nstream cover

o Overwintering and high flow refuge areas

Each major reach surveyed was broken into subreaches bounded by
consecutive pairs of irrigation diversions. This subdi vi sion
broke the reaches into distinctive stream segnents with generally
simlar channel characteristics but frequently dissimlar flows.
Both the availability of salnonid rearing habitat and prevailing
passage conditions in each of these subreaches are substantially
affected by the wi thdrawal of water at their upstream ends

(diversions).

Rearing habitat puts a qgreater restriction on salnon and steel head
production in the Lenmhi Basin than does spawning habitat (Bjornn,
pers. comm). Increasing stream flow in the Lemhi Rver wll
i nprove both spawning and rearing conditions for these fish, but
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the rearing habitat will continue to limt fish production. For
this reason, attention focused upon available rearing habitat in
the Lemhi R ver and its relationship to stream flow. Spawni ng
habitat for salmon and steelhead was studied qualitatively,

ascertaining where in the Lenmhi Basin these fish are nbst (and
least) likely to spawn if their nunmbers increase as a result of
Project inplenentation.

At the recommendation of Dr. Bjornn, available rearina habitat in
each subreach was auantified using a nodification of the nethod
described by Irving et. al. (1983) at known stream fl ows. St ream
length was determined for each subreach by pacing. Proceedi ng
upstream from the lower end of a subreach, visual transects were
established perpendicular to stream flow at every tenth pace.
Fish habitat intersected by each transect was classified into six
habitat types conpatible with available fish production data on
| daho streams: (1) pool, (2) riffle, (3) run, (4 pocketwater,
(5 backwater, and (6) side channel. Main habitat areas were
classified as deep, slowwater areas (pools), flat shallow areas
(riffles), areas of internmediate depth and high velocites (runs),
and riffle areas interspersed with small pools (pocketwaters).
Associated habitat types were those areas situated off the main
channel and out of the current (backwater), and stream channels
containing less than 25 ©percent of the stream flow (side
channel s) . The wetted width of each habitat type intersected by
each transect was estimated to the nearest foot, often by pacing,
and recorded. The pace of each stream surveyor was periodically
cal i br at ed.

Fish habitat in the upstream ends of irrigation ditches, between
diversion points and fish screens, also was quantified. Habi t at
in ditches below fish screens was not examned during the

i nventory because:

0 Fi sh access is limted
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0 Juveniles which rear in ditches face a considerable risk
of nortality due to stranding

0 Fish production in ditches is currently mnimal and is
unlikely to be increased

Following field data collection, the surface areas of the six
habitat types in each subreach of stream were cal cul ated.

Stream flows recorded for each subreach are estinmates devel oped
from the flow nodel described in the Hydrology section of this
chapter. For many subreaches the flows recorded were neasured
within two days of the inventory date. Fl ows for subreaches not
neasured by OIT were extrapolated from stream flows for the
nearest upstream and downstream subreaches, which were determ ned
using the stream fl ow nodel of the Lenmhi R ver.

The relationship between stream flow and available fish habitat
was examned in the five major river reaches likely to be affected

by flow augnentation (Reaches |-5). Thirty-two sanpling stations,
each 100 yards in length, were established along the Lenmhi R ver
between the nouth and Leadore (Table 3.6). Stations wthin each

major Study reach are representative of stream conditions
prevailing within the reach and contain varied aggregations of
habi tat types. Stream flow and the surface area of each of the
six habitat types identified during the detailed stream survey
were neasured at the 32 stations under both noderate and | owflow
condi tions. These habitat and stream flow neasurenments were used
to define how stream flow affects the quantity and conposition of
available fish habitat in the five major Study reaches of the
lemhi.

For each sanpling station, surface area neasurenents for the
habitat present at tw levels of stream flow were converted to
percentages of the bank-full surface area (%BF). The stream fl ow
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TABLE 3.6
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and habitat data for all the stations were then pooled by major

St udy

reach (1-5) for regression analysis. Both Iinear and

curvilinear regressions of 9YBF versus stream flow were perforned
on the data for each specific habitat type within a major reach.
The regression equation accounting for the greatest anount of the
observed variation in Y%BF for each specific habitat type was used
to describe the relationship between stream flow and %BF for that

habi t at

Regr ess

type within the reach.

ion equations were developed to collectively describe the

rel ati onship between stream flow and the six identified habitat

types

in

equati ons
The nodel
type in any diversion-bounded subreach of the Lenmhi River below

Leadore,

the five Study reaches of the Lemhi River. These
then were used to create a habitat/stream flow nodel.
predicts the surface area (square yards) of each habitat

I daho for any given stream flow The primary basis for

these predictions is the follow ng algorithm

s2

Wher e:

Sl

s2

%BF1

(Sl) (YBF2) / (YBFI )

Surface area of the specific habitat type in a subreach
duri ng t he stream survey conducted by Buel | &
Associ ates, Inc.

Predicted surface area of the specific habitat type in
t hat subreach, given the stream flow of interest (flow
predicted by the stream flow nodel given a specific set

of assunptions regarding flow recurrence frequencies,

t | ow augnentation, and season or nonth of interest).

9BF for the specific habitat type predicted by the
regression eauation for the appropriate Study reach,
given stream flow in subreach at tinme of stream survey
(flow predicted by the stream fl ow nodel).
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MBF2 = Y%BF for the specific habitat type predicted by the
regression equation for the appropriate Study reach,
given the stream flow predicted for the subreach under a
particul ar project option.

If only the algorithm above is considered, the surface area of
habitat predicted for a subreach could exceed the bank-full
surface area of the subreach. Therefore, the habitat/stream flow
nodel is desiqned to limt 9BF to 100 percent. This was done by
reducing the projected surface areas of specific habitat types as
necessary. Surface areas of specific habitat types which tend to
di sappear first as stream flow rises were reduced to zero first.
The surface areas of habitat types which tend to persist or to
increase in areas under the sanme conditions were reduced |ast.
The sequence of surface area reductions built into the nodel, from
first to last is: pool, side channel, backwater, "pocket" water,
riffle, and run. The results are shown by subreach in Appendix F.

This habitat/stream fl ow nodel was used to estimate the anount and
quality of rearing habitat for juvenile salnon and steelhead in
the Lemhi River under current and enhanced stream flow conditi ons.

It was assumed that an average annual 15-day summer low flow
represented conditions limting the nunber of smolts produced at

full seeding. Avail able rearing area was estimated for the
followng two stream flow conditions:

1. Prevailing average annual 15-day summer low flow (for
each of 81 subreaches of the Lemhi R ver, as predicted
by the stream fl ow nodel).

2. Enhanced average annual 15-day summrer low flows (for
each of 81 subreaches of the Lemhi River, as predicted
by the stream flow nodel) resulting from ranchers bel ow
diversion L-7 switching from flood to sprinkler
irrigation (Options B and D).
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STREAM SURVEY RESULTS

Predicted surface areas of available rearing habitat (average
annual 15-day summer low flow) for each major reach of the Lenhi
River are qgiven in Table 3.7. These predictions are for both
prevailing (Options A and C and enhanced (OQptions B and D) stream
flows. These options are explained in Chapter 5. The enhanced
stream flows were determined in an effort to inprove upstream
passage conditions for returning adult fish. However, Table 3.7
shows the enhanced stream flows have no effect on the availability
of rearing habitat in Reaches 2-5; none of the four options
proposed w Il increase stream flows in these reaches.

Table 3.8 presents the surface areas of available rearing habitat
in the major reaches of Hayden Creek and Big Springs O eek.
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TABLE 3.7

REARI NG HABI TAT FOR ANADROMOUS SALMONI DS (SQ YD)
UNDER PREVAI LI NG AND ENHANCED STREAM FLOW CONDI TlI ONS

REACH POCL Rl FFLE RUN PCCKETWATER  SI DECHANNEL  BACKWATER TOTAL
1
Prevailing 15, 774 145, 440 56, 986 1,285 4,029 2,025 225, 539
Enhanced (15,774) (174, 379) (59, 770) (1,212) (3,878) (2,725) (257, 738)
2
Preva |ing 29, 535 213, 569 73, 469 1,340 2,215 831 321, 050
Enhanced (29, 535) (213, 569) (73, 560) (1, 340) (2,215) (831) (321,050 |
3
Prevailing 3,215 109, 466 17, 187 157 180 574 130, 779
Enhanced (3,215) (109, 466) (17,187) (157) (180) (574) (130, 779)
4
Prevail i ng 30, 000 240, 469 125, 612 500 4, 442 950 401, 981
Enhanced (30,000) (240,469) (125,612) (500) (4, 442) (950) (401, 981 |
5
Prevailing 31, 508 59, 834 47, 445 222 4,297 2,880 146, 195

Enhanced (31,508)  (59,834) (47, 445) (222) (4,297) (2,880)  (146,195)



TABLE 3.8

SURFACE AREAS (SQ YD) OF HABI TAT TYPES

IN BIG SPRING CREEK AND | N HAYDEN CREEK

STREAM REACH POCL R FFLE RUN POCKETWATER  SI DECHANNEL BACKWATER TOTAL
Big Springs Creek 497 23,797 10, 220 0 517 290 35,321
Upper Hayden Creek 150 20, 947 313 860 0 0 22,270
Lower Hayden Creek 9,042 71,620 10,046 104, 288 1,113 217 198, 326
Hayden Creek 9,192 92,567 10.359 107, 148 1,113 218 231, 596



CHAPTER 4

DESCRI PTI ON OF ALTERNATI VES

This chapter describes the nine enhancenent alternatives, presents
potential problems, and estimates capital and annual costs. Thi s
chapter also presents characteristics of the alternative that
would create a fisheries benefit. These characteristics are used
to calculate benefits in Chapter 5.

ALTERNATIVE 1 - FLOW CONCENTRATI ON

The purpose of the flow concentration alternative is to provide a
seri es of diversion dans and channel i nprovenents that w ||
concentrate the flow of the Lenmhi River into the thalweg, thereby

i nprovi ng upstream and downstream passage.

ALTPRXATI VE DESCRI PTI ON

Present Practice

To ensure adequate flow is diverted into irriqgation ditches,
present practice in the Lenhi Valley consists of creating rock
ber ns in the River from riverbed materials. In many | ocations,
these berns extend across the River spreading the undiverted flow
over the ent ire channel wi dth. Excess diverted water is allowed

to return to the River through "wasteways," usually |l ocated a

short distance downstream of the diversions. Wast eways do not
have sufficiently defined channels to provide for fish passage.

All  these factors make fish passage difficult at some of the
irrigation diversions.
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FIl ow Concentration

The flow concentration alternative involves constructing pernmanent
concrete diversion structures and fishways, replacing irrigation
headgates, providing flood control |evees, and channelizing River

flows at several critical Ilocations where fish passage diffi-
culties have been observed. Table 4.1 defines the critical
passage |locations addressed in this alternative. Maps in

Appendi x B show |ocations of the structures and channelization of
t he streanbed.

D ver si ons

The diversion structure would be a permanent concrete weir placed
across the River. Figures 4.1 and 4.2 give details of a typical
di version structure. The typical concrete weir is 4 feet high and
|-1/2 feet thick: weirs of slightly different height mght be
required at sone |ocations. Water would spill over the weir onto
a downstream apron which is 10 feet wi de. Cutoff walls and riprap
arnoring would be placed at the downstream edge of the apron, to
prevent wundermining of the structure. A 4-foot w de sluiceway
with stoplogs placed adjacent to the fishway would be provided at
each site. The large anounts of gravel transported in the Lemhi
mght require a gate instead of stoplogs to flush gravel
downst r eam This should be considered during design. Wi r
di mensions for each critical location are given in Table 4.1.

Fi shways

A concrete fishway would be placed at each of the proposed

di version structures. Fi shways woul d provide passage for upstream
adult mgrants and assist downstream passage for mgrating
juvenile salnon and steel head. The fishway would be a weir and
pool design with 6-foot w de by 8-foot |ong pools. Pool depth

would be 3-1/2 feet, and would provide a mninmm fishway flow of
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REF. SITE LEMH D VERSION LEVEE LEVEE CHANNEL CAPI TAL ANNUAL IS
Nol  NAVE RIVER WIDMHSZ HEI GHT3 LENGTH? LENGTH® FIRST 00ST® O&M CHANNEL

TABLE 4.1
SITE DATA FOR FLOW CONCENTRATI ON

MLE (FD ()] (FT) (FT) $) ($) ($)

1 SPSI 1.30 NA 0.0 0 300 N A N A 390
2 L-3 3.30 NA 0.0 0 200 N A N A 260
3 SPS2 - 3.90 NA 0.0 0 200 N. A N A 260
4 sPS3  5.40 NA 0.0 0 200 N A N A 260
5 L-5 7.20 65 5.6 1485 200 462, 000 3200 260
6 L-6 7.40 65 5.6 1485 200 462, 000 3200 260
I L-7 8.30 65 5.6 1485 200 462, 000 3200 260
8 L-20 16.70 80 5.6 1491 200 470, 000 3200 260
9 L-22 17.40 100 3.0 789 200 245, 000 3200 260
10 L-31A 25.80 65 5.8 1547 200 487,000 3200 260
11 L-40 30.00 75 5.4 1431 200 441, 000 3200 260
12 L-41 30.30 75 4.1 1094 200 318, 000 3200 260
13 L-43 31.90 60 2.6 694 200 203, 000 3200 260
14 L-44 33.70 55 2.8 752 200 214,000 3200 260
15 L-45D 36.90 90 2.7 733 200 227,000 3200 260
16 SPS4  48. 60 NA 0.0 0 150 N. A N. A 200
17 L-61 49.30 30 3.2 860 200 228, 000 3200 260

Refer to location maps, Appendix B.

Diversion widths are based on bank full wdths at nearhy
| ocati ons.

Based on a SOvyear flood flow extrapolated from the gate
near Lemhi .

Assunmes an average channel slope of 0.0075 and a |evee slope
of 0.00375.

At SPS (Supplenmental Passage Stations) this channel [|ength
equals the riffle length (Buell in letter to OIT dated
8-16-85) plus 100 feet, rounded to the nearest 50 feet. All
other stations are 200 feet.

Based on Figures 4.1 and 4.2 and exanple detailed cost
summary on Table 4. 2.
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10 cfs. At higher fishway flows, stoplog weirs can be adjusted to
mai ntain the required energy dissipation in each pool. Details of
the fishway are presented in Figures 4.1 and 4.2. Water rights
for the fishways shoul d be obtained.

Levees

Due to backwater effects the permanent diversion structures would
produce higher upstream water surfaces during flood flows. To
protect adjacent lands from increased flooding, | evees would
extend upstream from each of the diversion structures. The
typi cal levee height was determned wusing a SOvyear flow
extrapolated from the USGS gage near Lenmhi, |daho and a freeboard
of 2 feet. Typi cal | evee placenment and cross section are
presented on Figures 4.1 and 4.2; specific dinmensions for each
| evee are shown in Table 4.1. Riprap placed on the river side of
the levee would provide protection from scour. Each | evee would
have a top wdth of 10 feet for vehicul ar access.

Headgat es

Irrigation headgates would be constructed at each new diversion
site. These headgates would provide a nore efficient and
permanent nethod for irrigators to adjust irrigation wthdrawals,
without placing or renpbving stoplogs in the fishway or dam
Typi cal structures would consist of a I-foot by |-foot vertical
slide gate, trashrack, and concrete wing walls, which extend into
bot h banks. Trashracks would be located at the upstream end of
the wing walls and placed at a 30-degree angle to vertical

Channel i zati on

In addition to the diversion structures, the stream channel woul d
be excavated downstream of each diversion structure, and at
several other reaches, to concentrate flows where passage problens

4-6



have been identified. Channels would be constructed during

critical lowflow periods. Figure 4.2 illustrates a typical
channel . A special blade on a dozer would be used to excavate the
channel . At critical reaches, other than those |located at
diversion structures, it is assuned the channel length would be

100 feet longer than the identified riffle |ength. Total channel
|l engths are given in Table 4.1.

ANALYSI S

Desi gn Consi derati ons

Conceptual design of the diversion structures, fi shways, and
channel i zation is based on the follow ng:

0 Upstream and downstream fish passage
0 Irrigation requirenents
0 Oper ation, maintenance, and dependability

The design of flow concentration facilities is based on fish
passage requirenents. Fi shways would allow mgration all year,
whil e channelization would provide both upstream and downstream
passage through inpassable riffles during lowflow periods.
Passage problens for downstream migrants are not anticipated at
di version structures during average flow periods.

Qper ation

Operation and nmintenance costs are estimated for routine
mai ntenance and for adjustnents to the fishway. The diversion
would require maintenance only for sluicing sedinments and for
i nspecti on. The 1 DFG woul d be responsible for maintenance and for
performng routine adjustnents to fishways. Local irrigators

woul d maintain operational control of irrigation headgates.
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Data and Assunpti ons

Dat a

Information used for the conceptual design and analysis of this
alternative includes hydrologic, cost, and field data. Much of
the hydrologic and cost data used for assessing this alternative
are presented in Chapter 3. Some additional costs were estinated,
and 15-day low flows were developed for average years and
recurrence intervals of 2, 10, 20, and 50 years. These data were
used to evaluate the benefits of flow concentration. Field data
used in the analysis include river wdth neasurenents and
observations of |owflow problem areas.

Siting

A total of 17 sites have been identified for flow concentration
and are presented in Table 4.1. D versions L-6, L-7, L-20, L-31A
L-41, and L-61 are all critical diversions identified by |DFG
Diversions L-3 and L-45D were identified by OIT staff as critical

passage sites which require only channelization. The remai ning
sites are "supplenental passage stations" (SPS) and diversions
identified as critical by Buell & Associates, Inc. during their

field work.
Costs

Cost estimates were prepared wusing unit costs presented in
Appendi x E and quantities were taken from the conceptual drawi ngs.
cost estimates have been prepared separately for each site.
Table 4.2 is a summary of capital and annual costs for a typical

diversion structure (diversion L-5). Capital costs are those
incurred at the beginning of the Project, including construction,
engi neering services, and equi pnent. Annual costs include

operation and maintenance (O&\ and channeli zati on.
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TABLE 4.2

DETAI LED FI RST COST SUMVARY
FOR DI VERSI ON L-51

Quantities are based on the Typical D version Structure and
Irrigation Headgate in Figures 4.1 and 4.2.

CAPI TAL _COST

UNFT COST TOTAL COST

| TEM UNI T QUANTI TY $/ UNI T ($)

MOBI LI ZATI ON LS - e----- 2, 000
DEWATERI NG LS .- e----- 3, 000
EARTHWORK® 249, 200

Common:
Excavation (trench) CcY 450 6. 00 2,700
Backfill (select) CcYy 305 2.00 610
Riprap (material) CY 27 15. 00 400
(pl acenment) mi)Cy 27 20. 00 540
(haul i ng-50 27 12.00 320

Levee:

Fi I | (material)3 CY 6480 8. 50 55,100
(hauling-30 m) CY 6480 4.00 25, 900
Riprap (material) 3480 15. 00 52, 250
(pl acenent) 3480 20. 00 69, 600
(hauling-50 m)CY 3480 12.00 41, 800
CONCRETE 43, 800
Structural -reinforced CY 125 350. 00 43, 800
MVETALS 9, 000
Trashr ack LS 1 e 1, 000
Slide Gate LS 1 e 8, 000
WOOD 1, 000
St opl ogs LS Tt Tt 500
Fi shway Trashrack LS r e 500
SUBTOTAL 308, 000
20% Engi neering & Adm nistration 61, 600
30% Conti ngency 92, 400
TOTAL CAPI TAL COST 462, 000
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Table 4.2
(conti nued)

ANNUAL  COST

Operation and Mi ntenance $3, 200. 00
Channel i zation (200 ft) 260. 00

1 Diversion L-5 is used for exanple in this detailed summary.
Site-specific information for other sites is presented in

Tabl e 4. 1.

2 Unit costs for excavation and backfill are adjusted to
reflect costs for small quantities.

3 Unit price for levee fill is conprised of 50% engineered-
select and 50% conmmon. Hauling applies only to the

engi neer ed- sel ect vol unes.
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Operation and naintenance costs per site include installation,

maj or adjustments, and routine maintenance. Upstream mgration
lasts for approximately 22 weeks. During this period, |abor for
routine facility maintenance and adjustnents to the fishway
requires an estimated 14 man-days. An additional 5 man-days per
year wll be reauired for facility inspection, repair, and
sl ui ci ng. Assuming an enployee rate of $128 per nman-day, the

total annual O&M cost for 19 nan-days per site is approximtely
$2, 430. Adding a 30 percent contingency results in approxinately
$3, 160 per site.

Annual cost for channelization accounts for bulldozer rental and
oper at i on. It is estimated that excavating 200 feet of channel
takes one hour per site, assumng several sites are excavated per
day. Because the diversion structure is in place during high flow
periods, channel excavation mght be reauired tw ce every year.
Assuming the rental of a bulldozer with an operator costs $100 per
hour and a 30 percent contingency, the total annual channelization
cost is $260 per site.

RESULTS

Cost

The total capital cost for developing the 12 diversion structures
at the locations given in Table 4.1 is $4,219, 000. The total
annual O&M cost is approximately $38,000 in the first year.
Annual cost for channelization at 17 locations is $4,490.

Inmplications for Fish

Benefits from this alternative are based on the increase in fish

production through nore efficient upstream passage. For this
reason the conceptual desi gns of diversion structures and
channeli zati on were devel oped. The nost critical location for
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passage over the new diversion is the approach through the
channel . It is assunmed that when upstream mgrants reach the
fishway entrance, they are able to negotiate the fishway and
proceed upstream The effects of icing in the pool upstream of
the dam should be addressed in future detailed analyses.
Channel i zati on of flow during «critical lowflow periods 1is
required for passage upstream to the fishway. Uilizing depth
criteria for passage, the conputed mninum flow for the excavated
channels is 6 cfs, for a depth of 1.5 feet in the typical channel
illustrated on Figure 4.2.

ALTERNATIVE 2 - FISH SCREEN | MPROVENMENT

H storically, low flows and high irrigation demands have greatly
reduced the downstream passage efficiency of chinook and steel head
through the Lenmhi system Fish are diverted into irrigation
intake canals where they encounter fish screens and are either
channeled back to the R ver or experience significant delay
because of their inability to find bypass pipes. This task
suggests ways for reducing nortality when downstream mgrating
juveniles encounter screening devices.

ALTERNATI VE DESCRI PTI ON

Exi sting Screening Facilities

Most diversions on the Lenmhi are equipped with fish screens to
prevent the entrapnment of fish in canals. Typically, water 1is
diverted into a canal intake adjacent to the Rver by a snall
di versi on dam Headgates, |ocated just upstream from the screens,
are used to control the amount of water diverted through the

screens into the irrigation canals. Figure 4.3 illustrates a
typical diversion |ayout. To ensure that water wll not be
stopped if the screens becone blocked, a bypass gate is provided
at each facility. A trip nechanism opens the bypass when the
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below the water surface, connecting the area in front of the
screens wth the River. Several difficulties are associated wth
t hese bypasses. It appears the principal difficulty 1is the
inability of a small bypass pipe and |ow bypass flow to attract
| arger steelhead snolts and pass them back to the R ver. Duri ng
field visits, OIT found that several of the pipes were discharging
onto the River bank or were plugged.

To accommodate nore flow in the bypass, it first would be
necessary to obtain a new water right. This new water right could
only be exercised in times of excess flow, because nost irrigating
rights on canals have priority. During the downstream mgration

periods, there often is additional flow that would be available
for the bypass.

ANALYSI S

Efficiencies of Existing Screens

Bjornn performed an analysis of the effectiveness of fish screens
on the Lenmhi (Bjornn and Ringe, 1984). The data did not permt an
in-depth analysis able to quantify efficiency of the individual
screens. Bjornn's study with steel head snolts found approxi mately
10 percent of downstream m grants successfully reached the Sal non
River after being released in the Lemhi, a short distance above
t he Hayden Creek confl uence. No studies were found estimating the
screen efficiency of chinook outmgrants at individual diversions
or screening |ocations.

There are approximtely 40 screening systens |ocated downstream of

Hayden Creek. A fish passage efficiency is associated with each
screen. The total efficiency is the product of each screen
ef fici ency. Studies to conpute individual efficiencies would be
extrenely difficult and costly. The best approach would be to

perform controlled experinments on different types of bypasses.
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hydrostatic gradient between the upstream face and downstream face
of the screen reaches a critical |evel. A fish bypass pipe, four
to six inches in dianmeter, is placed at each screening facility.
Downstream m grants approach the screens and nove laterally along
the face of the screen until they detect the entrance to the pipe
and are carried through the pipe back to the R ver.

The two types of screening facilities used on the Lenmhi are the
perforated plate screen and the drum screen. The perforated plate
screen consists of a vertical plate aligned at an angle to the
canal flow. The screen is cleaned by vertical scrapers or brushes
that travel across the screen face. A paddle wheel which is
turned by water flowng in the canal, operates the scrapers. Thi s
type of screen configuration does not allow debris renoval:
therefore, periodic maintenance is required to keep the screen in
oper ati on.

Drum screen facilities consist of one or nore wire nesh druns.
The druns rotate about a horizontal axis and are powered by an
el ectric notor. Where electricity is not available, drum screens
are installed wth paddle wheels. Water enters through the
upstream face of the screen. Debris is caught and lifted out of
the water by the rotation of the screen. It is then washed off
the screen as it rotates to the downstream face. These screens
require |less nmaintenance than the perforated plate type and are
nore reliable. Since debris is actually cleared from the upstream
face of these screens, it is less likely that a hydrostatic
pressure differential wll be created across the screen and cause
the bypass gate to open and allow fish to nove into irrigation
di t ches.

Exi sting Fi sh Bypass System

The fish bypass arrangenent at the screen facilities consists of
either a 4-inch or 6-inch PVC pipe, |ocated approximately 2-3 feet

4-14



RESULTS

Five steps are reconmmended for inproving fish screen efficiency on
the Lenhi.

1. Controlled Experinent. A controlled experinment is
necessary to determne the nost effective bypass system
for the type of screens on the Lenhi. The experi ment
would take place at the trap facility upstream of the
confluence of Hayden Creek. It would involve installing
a prototype rotating drum screen and a facility for
testing different types of fish bypass structures.
Chi nook and steelhead snolts would be wused in the
experiments to test the efficiency of various bypass
structures (Figure 4.3).

2. Prototype Installation. After the controlled experinent
is conplete and the nost effective bypass alternatives
are identified, a prototype bypass system would be
installed at a drum screen installation. This bypass
system would also include training walls to provide a
better transition to the bypass conduit.

3. Prot ot ype Experinment. An experinent would be perforned
on the prototype system testing the screen efficiencies
for various bypass systens (identified in the controlled
experiments and installed in the prototype).

4, Bypass Water Right. More flow mght be required in the

bypass to ensure it operates correctly. This would
entail applying for a water right. Since this would be
a junior right, it wuld be only available during

peri ods of excess flow.
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The fish trap facility, located just upstream of Hayden OCreek,
woul d be a suitable location for these experinents. Once the nost
efficient type of bypass system is identified, a prototype bypass
could be installed at a screening facility.

Present Screeni ng Program

The screening program financed by the National Mrine Fisheries

Service (NWS) consists of installing screens at unscreened
di versi ons, upgrading existing perforated plate screens wth
rotating drum screens, and performng daily nmaintenance for these
screens. During field visits to the screening facilities, OIT
noted the perforated plate screens were difficult to keep clean,

since there is no provision for bypassing debris. The drum
screens are quite reliable and relatively maintenance free. The
program also calls for a nore uniform screen design to inprove
mai nt enance. The fish screen portion of the drum screen

facilities were adequate. The best inprovenent alternative would
be to accelerate the replacenment of perforated plate screens wth
drum screens.

Bypass Structure

OIT recommends an experinmental bypass structure be constructed for

experinments of bypass efficiencies. It should be installed at a
drum screen facility with a relatively short distance between the
screen and the River. The bypass would consist of a rectangul ar-

shaped channel prefabricated from steel or alum num approximtely
12 inches wide and 5 feet high. The channel would be buried wth
its upstream end |ocated in the pool, upstreamof the drum screen,
while the downstream end would be located in a pool excavated into
the River bank (Figure 4.3). It would have the capability of
accepting inserts to create a pressure conduit at any location in
its S-foot depth, or an open-channel chute at the top of the
bypass. This conceptual configuration could be altered, based on

the results of controlled experinents.
4-16



O her Consi derations

During field investigations, many instances of poorly nmaintained
and operating screen facilities were identified. The perforated
plate screens at L-8A and L-9 are exanpl es. In addition, many of
the bypass pipes are excessively long or difficult to find.
Accelerating the NWS program would inprove conditions, but for
the present, screen nmaintenance should be enphasized in aiding
j uveni | e passage.

ALTERNATI VE 3 - GROUNDWATER AUGVENTATI ON

The purpose of direct groundwater augnentation to the Lemhi River
is to prevent situations where steelhead and chinook magrating
upstream or downstream are blocked or excessively delayed. The
objective is to augnent stream flow to a level at which mninm
flow requirenents would be achieved.

DESCRI PTI ON

Wells for directly augnenting stream flow would be located in the
vicinity of identified "critical" or "problent R ver reaches. The
actual siting of a single well or group of wells would be based on
the suitability of the aquifer to provide additional flow wthout
affecting existing wells. Water would then be transported through
buried low pressure or gravity flow pipelines to the critical
site. The total flow requirement of these wells would be
determned by the difference between mninmum instream flows for
fish passage and stream flow available during |owflow periods.

ANALYSI S
The analysis presented in this section is basic to the

alternatives which include the use of groundwater. An eval uation
of relevant geologic and groundwater paraneters is presented in
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5. Upgrade Screen Program The present fish screen program
woul d need to be upgraded and accelerated to incorporate
the bypass system which proves to be nost efficient in
the controlled and prototype experinents.

Cost s

The estimated costs for the recommended prograns are given in the
t abl e bel ow. The contribution to the screen upgrade program woul d
vary with the bypass structure effectiveness determned in the
experinents.

Pr ogr am Cost

Controll ed Experinment Construction $ 15, 000
Controll ed Experinent 15, 000
Prot otype Construction 20, 000
Prot ot ype Experi nment 25, 000
Water Rights Application 5, 000
Contribution to Screen Upgrade 300. 000

Total Cost $380, 000

I nplications for Fish

Because of insufficient data the benefits associated with fish
screen facility inprovenents could not be conputed. Data on the
efficiencies of possible screening alternatives can only be
assessed by controlled tests in the Lenhi. For purposes of
evaluating screen inprovenents as a fisheries managenent alterna-
tive, it was assuned that a 75 percent basin-w de inprovenent in
di version passage conditions could be achieved in the Lenmhi River
Basi n. Chapter 5 addresses the screen inprovement alternative in
greater detail.

There is sufficient evidence that a significant downstream passage
probl em does exist. More efficient screening facilities could
increase significantly the proportion of outmgrants reaching the

Sal non R ver.
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RESULTS

Total Alternative Yield

Using observed specific capacity and yield values, the total
availability of flow can be estimated. Assumi ng that sustained
yield is equal to specific capacity, 300 wells with a specific
capacity of 0.067 cfs, punped for 24 hours a day, would be
necessary to neet a supplenental flow of 20 cfs, which is the

m ni rum flow bel ow L-5. If we assunme a sustained yield equal to
the maxinmum yield in the Valley, 300 gal/mn or .67 cfs, then 30
wells would be required to draw a total of 20 cfs. The cost

estimates given below are based on this latter assunption of
requiring 30 wells to satisfy fish passage requirenents.

Cost

Assuming the average well depth is 100 feet, wth a 12-inch
di aneter, and using the cost equations from Chapter 3, the cost of
this alternative would be:

30 wells x $1,300.00 (cost of volume punp) = $ 39, 000.00
30 wells x $ 200.00 (cost of 2 hp notors) = $ 6,000.00
30 wells x $4,000.00 (cost of drilling) = $120, 000. 00

Total costs for drilling, punps, and notors = $165, 000. 00

These cost estimates do not include: geophysical exam nation,
aquifer tests, test wells, pipelines, roads, excavation, power-
lines, land, and water rights. The capital cost could be expected
to double at a m ni num

It is possible that this alternative could be inplenented in
conjunction wth channelization. An additional flow of 6 cfs at
critical points would be required to supplenent the channelization
alternative.
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Chapter 3. Well location, groundwater availability and yield, and
specific site yields are also presented in Chapter 3.

VWl |l Location

Wthout intensive examnation of geophysical characteristics and
detailed aquifer tests, the exact location of wells required for
alternatives i nvol vi ng the use of gr oundwat er cannot be
det er m ned. The type and location of tests would have to be
resol ved through further study, field investigation, and neetings
with agency personnel.

G oundwater Availablity and Yield

Groundwater Yield

In evaluating the availability of groundwater at critical sites,
OIT applied Darcy's Law using generalized conditions. Because a
detail ed aquifer analysis has not been performed, assunptions were
made to sinplify the nodels.

Based on theoretical conditions, the following availabilities can
be expected from the aquifer in the vicinity of critical R ver
reaches (identified by proximty to diversions):

L6 - 0.87 cfs
L7 - 0.89 cfs
L20 - 0.97 cfs
GACE - 0.32 cfs
L41 - 0.58 cfs

There is a wide range in well capacities at currently-operating
wells in the Valley. Reported well yields from the US.
Ceological Survey are from 1 to 300 gal/mn (0.67 cfs) wth
specific capacities ranging from 1 to 30 (gal/nmin) (.067 cfs).
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In order to achieve the objectives of this alternative, water
right purchases or formal <changes in the nmethod of wthdrawal
woul d need to be inplenented. The options avail able are:

1. Purchase and install wells and punmps for the Town Ditch
Conmpany to replace a portion of the total surface water
di ver si on into these di t ches with gr oundwat er
wi t hdr awal . Current flood irrigation practices would be
retai ned.

2. Approach individual land owners to negotiate replacing
all or a portion of their surface water right for

groundwat er wi thdrawal rights.

3. Approach individual land owners and offer to purchase a
portion of their water right, and negotiate to replace
the remaining surface water right wth groundwater.
Benefits from this exchange could then be used by the
irrigator to purchase sprinkler systenms or inprove field
or ditch conditions.

ANALYSI S

A mjor portion of the analysis for this alternative is derived
from the groundwater investigation and augnentation analyses.
Basic concepts relating to regional geology and soils are not
presented again in detail.

Ceol ogic and Soil Factors

Deep wells would be located in the Quarternary Tertiary sedinments
where avail able. In areas wthout such an aquifer source,
gr oundwat er wi t hdr awal s would consist of per col at ed wat er
originally applied by flood irrigation. Under present conditions,
most of this water reaches the River through infiltration. Vel |
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O her Consi derations

Wth this alternative, there is potential for conflict between
flood irrigation in the Lemhi Valley and punping groundwater on a
| ar ge-scal e basis. Installing numerous punps in the |ower Vall ey,
where the aquifer is shallow, <could interfere with the current
practice of raising the water table by intense flooding of fields
in the spring.

ALTERNATIVE 4 - GROUNDWATER | RRI GATI ON

The groundwater irrigation alternative involves replacing surface
water diverted from the Lemhi with punped groundwater. Fi el ds
could be irrigated by well water either through flood or sprinkler
systenms. The purpose of this analysis is to assess the economc
and legal feasibility of punping water for irrigation purposes on
a larger scale than is currently practiced in the Valley.

ALTERNATI VE DESCRI PTI ON

This alternative involves replacing surface water wth groundwater
for irrigation on the R ver downstream of RM 8.6. This is because
the contribution of flood irrigation to groundwater recharge in
the upper Valley during the latter part of the irrigation season
is essential.

Water can be withdrawn from deep wells in a confined aquifer or
from shallow wells containing water recently used for irrigation.
Wells should be located to avoid interference with irrigation. |f
sprinklers were installed to replace flood irrigation practices,
site placenment would be Iless inportant because of |ower water
requi rements due to higher application efficiency. WlIs could be
installed on an individual user basis or on a larger scale for the
Town Ditch Conpany in the Lenmhi Valley. Limtations on these
options are groundwater availability, water rights law, and other
| egal restrictions.



Cost to BPA

The wunit cost to BPA is $17,000/cfs, based on a land value of
$500' acre (the difference between land wth and wthout water
rights) and a water right allocation of 0.03 cfs/acre. As the
following sections state, 12.5 cfs and 20.9 cfs could be conserved
at a point below L-6 for flood and sprinkler irrigation systens,

respectively. Therefore, the costs are $212,500 and $355, 000
respectively.

Cost to Irrigator

The costs and benefits for area ranchers who sell partial or

entire water rights depend on the type of irrigation system
installed: flood or sprinkler.

For improved flood irrigation, benefits and costs per acre are as
fol |l ows:

Water Use 0.021 cfs/acre

Income from Water Rights Sale = $153/acre

Income from Yield Increase = $130/acre

Cost for Inprovenents = $250/acre

Cost for Punps, Mtors, and Drilling

($5, 500/ well) (. 021 cfs/acre)(well/.67 cfs)
$172/ acre

Annual Electricity Cost

(.03 wells/acre)(6 kW (24 hrs)(30 days)(6 nonths)
($. 0438/ kW)

$34/ acr e/ year

Ther ef or e,
Fi rst Year Annua
I ncone = $283/acre $130/ acre
cost = $456/ acre $ 34/ acre



drawdown and interference is a determning factor in locating well
install ations. Vel | location is further confined by the
site-specific nature of this alternative

Water Rights

Several factors affect the feasibility of this alternative and
t hose which follow They involve water law and the ability of BPA
to directly fund capital i mprovenmrents for individuals or a
quasi -public entity such as the Town D tch Conpany. They are
sunmari zed as follows:

0 RPA cannot expend funds to the benefit of an individual
wat er user where there is no "Federal interest” in that
| and. Therefore, capital expenditures for inprovenents

like sprinkler systens nust be nmade by the water user in
t he exchange for purchasing water rights.

0 Surface  diversion wat er rights are an entirely
different type of right than a groundwater right. It
is wuncertain how conflicts for water use would be
resolved between different types and seniorities of
water users, especially along a river such as the
Lemhi that has been entirely adjudicated.

0 Wien a change in the type of water right is nade (i.e.,
surface water to groundwater), prior right dates are not
retai ned.

Cost s

The following flow availability and cost analyses are identical to
those presented in the Water Wthdrawal Reduction and Sprinkler
Irrigation sections, except that costs associated with wells nust
be added. The cost to BPA is still based on the value of a water
right.
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yeilds due to inproved water application. However, this gain
probably would not offset punping costs.

I nplications for Fish

Approximately 13 to 20 cfs could be saved at L-6 and L-7 if enough
irrigated acreage or water rights could be purchased by BPA.

O her Consi derations

In evaluating this alternative, consideration nust be given to
water rights |aw The nmost inportant aspect affecting public
support probably wll be that priority of right is not retained
when changing the type of a water right from surface to
gr oundwat er .

ALTERNATIVE 5 - WATER W THDRAWAL REDUCTI ON

Surface water diversions could be reduced by purchasing water
rights directly from a |andowner, or buying land with senior water
rights and not diverting that water. The purpose of this section
is to evaluate the feasibility of purchasing water rights and
increasing flood irrigation efficiency.

ALTERNATI VE DESCRI PTI ON

In inplenenting this alternative, there are several di stinct
options:

1. Purchase land to which a senior water right is attached.
Transfer this right from a surface water diversion for
irrigation to an instream right for fish enhancenent.
Sell the land w thout the water right.



For sprinkler irrigation, benefits and costs per acre are as
foll ows:

Wat er Use 0.015 cfs/acre
Income from Water Rights Sale = $255/acre
Inconme from Yield Increase = $130/acre
Cost for Sprinklers = $245/acre
Cost for Punps, Mtors, and Drilling
= ($5,500/well) (.015cfs/acre)(well/.67 cfs)
= $123/acre

Annual Electricity Cost

= (.022 wells/acre)(6 kW (24 hrs)(30 days)(6 nonths)
($. 0438/ kW)
= $25/ acre/ year

Annual Q&M
= ($245/acre)(0.15) = $37/acre

Ther ef or e,
First Year Annual
Il ncome = $385/acre $130/ acre
cost = $430/ acre $ 62/ acre
RESULTS
Cost

The total initial cost of the alternative to BPA is approxi mtely
$300, 000 depending on how much water can be conserved through
i mproved irrigation. Initial gross <costs to irrigators are
$456/acre for flood irrigation and $430/acre for sprinkler
syst ens. Annual costs are inexact but are definitely higher for
the latter option. Net gains by participating ranchers could be
realized through an increase in the quality and quantity of hay
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the Ildaho Water Resources Departnment (IWRD), Herndon Law Ofi ce,
and | ocal irrigators. Data were obtained from the Soi
Conservation Service (SCS) in order to assess the paraneters
involved in increasing irrigation efficiency.

Avail abl e Flow Benefits

Water Rights Purchase

Flow available from the outright purchase of water rights or the
purchasing and selling of land with and without rights,
respectively, influences inplenentation of this option. The cost
analysis is based on the likelihood of purchasing enough senior
water rights in order to satisfy fish requirenents. From this
value, a total cost was conputed based on an estimate of allocated
water rights per acre.

Land Purchase

The armount of undiverted stream flow, produced by the direct
purchase of |and, depends on the amount of I|and available for
sal e. It would be preferable to obtain land with senior water
rights, so that a priority can be established for rmaintaining
stream flow for fish during dry periods. Cost estimates for this
option assune that enough land can be purchased to satisfy a
m ni mum flow of 20 cfs at diversion 1-5.

Irrigation Efficiency |nprovenent

The following estimates and assunptions are used in the analysis
of benefits and cost:

o Current application efficiency in the Valley with flood

irrigation (ungraded fields, generally long runs) is
20-30 percent, not including delivery |osses.
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2. Directly purchase a senior water right in its entirety
for land parcels in the |lower Lermhi Basin. Transfer to
an instream right for fish benefits.

3. Pur chase parti al wat er rights from i ndi vi dual
irrigators. Ranchers could then wuse the incone from
this sale to inprove the efficiency of flood irrigation
systems. Transfer purchased portion to an instream
ri ght.

4. Purchase |and having senior water rights. I nstead of

selling the land without the rights, allow the acreage
to revert to a natural state for wldlife habitat or
convert the area to a park for public recreational use.
Transfer the right to an instream right for fish.

In changing the beneficial use of a water right fromirrigation to
fish, the priority date remains unchanged because both are the

same type of right. However, in altering the beneficial use, the
user must conform with three basic rules: 1) no other water users
will be inpaired: 2) the anmount of water w thdrawal cannot be

increased: and 3) the change is in the local public interest.

The only possibility for direct outlay of funds for increased
water use efficiency would be to inprove properties belonging to
the Town Ditch Conpany. The Andrews and Town (or Slough) Ditches
which extend from L-6 and L-7 and are 6.8 and 4.6 mles |ong,
respectively, could be reshaped, conpact ed, and lined wth
bentonite, gunite, or perhaps polyethelene.

ANALYSI S

Dat a Sour ces

In order to analyze the feasibility of purchasing land or water
rights, information was collected from nunerous sources including:
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Water Availability

|f 30 percent of the current water wthdrawal s can be conserved
under inproved flood irrigation practices and 60 percent of the
ranchers diverting fromL-6 and L-7 participate, then water use
reduction can be conputed as follows:

Water Savings fromlL-7

= (water right)(% conserved) (% partici pation)
(28 cfs)(0.30)(0.60)
5.0 cfs

Water Savings fromlL-6

= (41.8 cfs)(0.30)(0.60)
= 7.5 cfs

The sum of these values, 12.5 cfs, can be used to conpute the cost
to BPA.

Cost s
Water Rights Purchase

The cost of a water right on a unit area basis was estimted as
$500/ acre for the |ower Valley. This is the difference in the
price of land with and without water rights. The unit price for a
water right 1is extrenely variable and depends on site-specific
condi tions. Using the estimated value for water savings
downstream of diversion L-6, the total cost to BPA for this
alternative can be calculated as foll ows:

Cost per cfs = (water value)(unit allocation at field)

($500 acre) (acres/0.03 cfs)
$17, 000/ cf s
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o Future application efficiency with inprovenents (leveled

fields, shortened runs, I mpr oved | ayout ) IS
approximately SO 60 percent, dependi ng on nmanagenent
practices.

o Approximate water rights allocation at the field (not

i ncludi ng amounts added for transport |osses) according
to VWRD adj udication is approximately .03 cfs/acre or
1.5-2.0 acre-feet per acre during the irrigation
season.

o Current yield with flood irrigation is about 3 to 3-1/2
tons/acre (average for two cuttings of alfalfa-grass
mxture hay in the lower Lenmhi Valley under average
weat her conditions). Yield for grass hay under simlar
conditions is |-1/2 to 2 tons/acre.

o Predicted yields with inprovenents to flood irrigation
practices are 5 tons/acre for alfalfa-grass hay and
3-4 tons/acre for grass hay.

Increased water application efficiency also increases the hay
quality. This in turn means an increase in value or greater
wei ght gains when fed to cattle.

Locati on

Because of the critical nature of the lower Lenmhi R ver during |ow
flow, efforts were concentrated in the Valley north of diversion
L-8 in the |ow el evation areas. Noconsideration was given to the
"benches" or bluffs which border the floodplain and Valley. These
areas are sprinkler irrigated and soils have extrenely high

percol ation rates.
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the water rights purchase be cost effective for the participating
ranchers to inprove irrigation efficiency. On a per-acre basis
for alfalfa-grass mxture hay, a feasibility analysis for the
irrigator could be performed as foll ows:

Current Water Use
= 0.03 cfs/acre (based on allocation)

Amount Conserved
= (Water Use) (% Conserved)
= (0.03 cfs/acre)(0.30) = .009 cfs/acre

| ncone from Sale of Partial Water Right
= ($17,000/cfs)(.009 cfs/acre)
= $153/ acre

Annual Income I ncrease Due to Yield Increase
(5-3) tons/acre ($65/ton)
$130/ acre

Cost to Inprove Land and Ditches
= $250/ acre

Annual cost increases due to increased |abor to manage water

distribution is unknown; nmost ranchers do not hire workers for
flood irrigation.

Canal | nprovenent

The cost of lining Town Ditch with gunite or polyethelene is
approxi mated as follows:

Total Cost = (wetted perimeter)(length)(unit cost)

(6 ft)(4.6 mi)(5280 ft/mi)($1.50/£t2)
$219, 000
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Total Cost = ($/cfs)(fl ow conserved)
= ($17,000/cfs)(12.5 cfs)
= $212,500

An assessnment of the total nunber of acres which nmust be directly
purchased in order to achieve this water reduction is as foll ows:

Total Acreage Required
= (12.5 cfs)(acre/0.03 cfs)
= 417 acres

Land Purchase

Wth this option, |and would be purchased for the purpose of
securing water rights, and would not be resold. Thus, the total
and per unit cfs costs would be greater than for purchasing the
wat er right only. |f we assume an approximate cost for land wth
water rights of $l,500acre, the total cost is calculated as
fol | ows:

Cost per cfs = (land value)(unit allocation)
= ($l,500 acre/cfs)(acre/.03 cfs)
= $50, 00/ cfs

Total Cost = ($/cfs)(flow requiremnent)

($50, 000/ cfs) (20 cfs)
$1, 000, 000

Acreage Required (20 cfs)(acre/.03 cfs)

667 acres

Irrigation Efficiency |Inprovenents

The cost to BPA for this option would be equal to the purchase of
a water right, $17,000 per cfs. However, it is inperative that
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exchange partial water rights for income to inprove flood
irrigation application. Benefits al so depend on the availability
of land with water rights for sale.

Additional benefits could be realized fromthis option if an area
for game and nongane animals was established. If allowed to
revert to a natural state, riparian areas would inmprove allow ng
greater benefit to the fish popul ation.

ALTERNATIVE 6 - RETURN FLOW | MPROVEMENT

The purpose of this alternative study is to evaluate the
feasibility of inproving return flows from flood irrigation
practices.

ALTERNATI VE DESCRI PTI ON

Return flow inprovenent sites would be located in areas with

mar shes or perched water tables, or areas downhill of intensely
irrigated fields, suitable for catchnent ponds or collection
di t ches. Enphasi s should be placed on the |ower Valley because

critical reaches are concentrated there.
| nproving the return flow process could invol ve several nethods:

o Draining marsh and natural collection areas by placing
punps at these sites and installing pipes for
transporting water to critical areas.

o Constructing collection ditches and catchnment ponds to
drain heavily-irrigated areas faster. D tches woul d be
parallel to the River along the floodplain in order to
catch shal | ow groundwat er. Cat chnent ponds coul d be
drained with pipes or ditches using punps or gravity
flow
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This cost could be reduced by lining only portions of the canal or
by using a local source of bentonite and local Ilabor to perform
t he work.

Crop VYields

As previously nentioned, the option of purchasing partial water

rights cannot be inplenmented without the participation of
i ndividual irrigators. For this reason, increased crop yields and

quality are an essential factor for encouraging ranchers to
negoti ate water right exchanges.

RESULTS

Cost

The cost of this alternative would be about $17,000/cfs of water
conserved, or $212,500 if 12.5 cfs can be conserved under assuned
conditions of irrigation efficiency and water use. If land was
purchased and retained by an agency, the cost would be $I, 000, 000
for water rights totaling 20 cfs.

A value for water rights on a per-acre basis is difficult to
predict since there are many land uses and ranch sizes in the
| ower Vall ey. Ranches vary in size from 100-200 acres to a few
extensive cattle ranches of [|,000 2,000 acres. Land value also
varies greatly with the appurtenances attached to the |and such as
houses, barns, equipnment, or land characteristics such as soil and
historic crop vyields. These variables affect the cost of this

al ternative.

I nplications for Fish

The flow benefits for this alternative depend on the wllingness
of local irrigators to participate. They nust be willing to
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Field surveys indicate that there are currently nunerous return
flows which contribute significantly to the Rver. An exanple is
Ceertson Slough, |ocated between L-3B and L-4. During late July,
this Slough was contributing approximtely 2.0 cfs. Apparently,
there are several ditches which augnent the River at a nearly
constant rate.

Water Quality

Water quality is an extremely inportant consideration for
augnenting the River with return flows. Shal | ow groundwater, or
water collected in ponds or slow noving ditches, wll be warm and
may contain agricultural chem cals. Since water tenperatures in
the lower Lenmhi are high during lowflow periods, adding water of
low quality would not be advantageous to enhancing fish
popul ations.

RESULTS

The inplenmentation of this alternative may adversely affect water
quality in the River. In addition, insufficient data were
avail able for an in-depth analysis. As a result, this alternative
was discarded early in the Study.

ALTERNATI VE 7 - SPRINKLER | RRI GATI ON

The objective of this alternative study is to determne the
feasibility of replacing flood irrigation wth sprinkler systens
to reduce total surface water diversion.

ALTERNATI VE DESCRI PTI ON
This alternative involves purchasing partial water rights in

exchange for nore efficient irrigation systens. I ncentives for
participation by area ranchers include increased yields and

4-37



o Installing drainage tiling in order to capture deep
percol ation and return excess flows to the R ver through
pi pes or ditches.

Because it involves inprovenent to private land, the latter option
woul d be perfornmed on a site-specific basis and would require an
exchange between BPA and individual irrigators.

ANALYSI S

Dat a Sources

The major sources of data used in this analysis were field
i nvestigations and aerial photos. During reconnai ssance surveys,
mar sh and ot her groundwater collection areas were identified,
especially in the lower Basin. Aerial photos were used to |ocate
natural water storage areas.

G oundwat er | nteraction

The aquifer system serves as a storage reservoir. Dr ai ni ng
natural storage areas or installing artificial drainage could
disrupt this process. The storage process appears to be essenti al
for maintaining flows in the |ate summer. Because of the conpl ex
nature of the system it is inpossible, given the data avail able,
to assess the inpact on groundwater return flow when inplenenting
this alternative.

Fl ow Availability

Quantifying the flow available in rmarsh areas, potenti al
col l ection ponds, or ditches is difficult. In the | ower Vall ey,
there are no evident large, concentrated sources of water that can
be easily drained. There are many small areas where the water

table appears perched, but obtaining a consistent augnentation
flow from these sources is questionable.
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ANALYSI S

Dat a Sour ces

Sources of information for this analysis were included in the Soi
Conservation Service (SCS) and conversations with area ranchers.
Unit costs, shown in Appendix E, were used for evaluating this
alternative

Water Utilization and Conservation

Met hod of Wt hdr awal

Because  groundwat er irrigation was considered in previous
sections, this analysis will address only the option of sprinkler
irrigation fromsurface water diversions.

Water Use and Savi ngs

Currently, water rights are allocated at approximately 0.03 cfs/
acre at the field. A nunber of variables were considered in
determ ning allocations, including diversion and transport |osses.

I n conducting a general analysis, assunptions included:

o O the standard water right allocation, 100 percent is
currently required to flood irrigate a field.

o Transport | osses are not consi dered.

o Future application efficiency wth sprinklers (wheel
lines) is approximately 70 percent.

o At least a 50 percent reduction in water use could be
realized if inefficient flood irrigation is replaced by
sprinklers.
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nonetary conpensation for reduced water consunption. Proving the

feasibility of this alternative to individual irrigators is
essential to its success. To the irrigators, it is the bottom
line that will determ ne whether they will sell part of their

water rights.
Location

Low flows and high irrigation demand conbine to create inpassable
reaches, generally downstream of diversion L-8 during May, late
July, August, and Septenber. Therefore, the lower Valley was
identified as the area where sprinkler irrigation would provide
the nost benefit.

| npl enment ati on

Ranchers in the |lower Basin would be solicited to participate in
the program A detailed design then would be devel oped for the
specific sites, determning nore accurately the required anount of
water as well as the volune that could be saved during the
irrigation season. This would indicate the anount of water right
BPA shoul d purchase: the value of that partial water right would
det erm ne whet her the programwas feasible for an individual site.
A feasibility analysis would consider increased yields for
ranchers. The site analysis during the design phase would be a
nore detail ed version of the evaluation presented in this report.
That analysis also should cover the interaction of applied
irrigation water and groundwater. A switch to sprinklers on an
upstream field mght increase the irrigation requirenents to a
downstream field. Once an agreenent was reached, the water right
woul d be purchased and fornmally transferred to an instream ri ght
for the benefit of fish.
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Cost to Irrigator

Based on the analysis perfornmed for Alternative 5 the cost to
install a sprinkler irrigation systemis as follows:

Current Water Use = 0.03 cfs/acre
Amount Conser ved
= (0.03 cfs/acre)(0.50) = 0.015 cfs/acre
| ncome from Sale of Partial Water Rights
= ($17,000/cfs)(0.015 cfs/acre) = $255/acre
Annual I ncone Increase Due to Yield Increases
= $130/ acre
Cost of Irrigation System = $200/acre
Cost of Punps = $45/acre
Annual O8M = (0.15)($245/acre) = $37/acrelyear
Annual Electricity Cost = $7.2/acre/year

Ther ef or e,
First Year Annual
| ncone = $385/ acre $130/ acre
cost = $287/ acre $ 42/ acre
RESULTS
Cost

The total cost to BPA is approximtely $348,000 assum ng the
stated water savings. There woul d be no annual cost to BPA for
this alternative.

Inplications for Fish

The total flow nmade available by this alternative cannot be
accurately assessed until the public interest for participating is
det er m ned. Under the assuned conditions, approximately 20.9 cfs
coul d be conserved fromL-6 to the nouth.
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Water use reduction is calculated as follows, if 60 percent of the
ranchers diverting fromL-6 and L-7 partici pate:

Water Savings from L-7:

= (water right)(% conserved) (% partici pation)
(28.0 cfs)(0.50)(0.60)
8.4 cfs

Wat er Savings from L-6:
(41.8 cfs)(0.50)(0.60)
12.5 cfs

Total Water Savings fromL-6 to Mouth of Lenhi
= 8.4+ 12.5 = 20.9 cfs

Cost

Costs for this alternative are the sane as the Water Wt hdr awal
Reduction alternative.

Cost to BPA

Total Cost to BPA

(wat er val ue/acre)(unit allocation)(water savings)
($500/ acre) (acre/0.03 cfs)(20.9 cfs)

$348, 300

This includes a unit cost for water of $17,000/cfs. The tota
acreage required to achieve this water savings if land is
purchased directly:

Total Acreage
(20.9 cfs)(acre/0.03 cfs)
697 acres
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a roller conpacted concrete damwith or w thout power generation.
Tabl e 4.3 shows a conparison of the physical features of each
option.

Geol ogi ¢ mapping by the USGS indicates that bedrock at the site
consists of netanorphic Precanbrian rocks of the Yellow acket
For mati on. Rocks of the Yellow acket Formation vary in |ithol ogy
t hroughout the sequence but generally contain nmediumto dark grey,
fine grained feldspathic quartzite. These rocks are exposed in
the steep ridges to the northwest and southeast of the site. It
is believed that these rocks will provide an adequate foundation
for the structure.

The area upstream of the proposed site consists mainly of range
and tinberland. Water rights on canals with diversions upstream
of the dam would have to be provided with water from the
reservoir. This can be acconplished either by -routing the
irrigation canal around the site or by adding additional outlet
wor ks which provide water to the present canal system

Hydr ol ogy

Qption 1

The hydrol ogy used to evaluate Option 1 was taken from a report

devel oped in 1982 by the | daho Departnent of Water Resources for
the Corps of Engineers (IDWR 1982). The flows used in this

analysis were taken from gage records on Challis Creek near

Challis and Valley Creek at Stanl ey. The hydrograph of nean
nmonthly flows is shown on Figure 4.4.

Qption 2

Hayden Creek has a drainage of 148 square miles. The mean nmonthly
hydrograph for Hayden Creek at its mouth is shown on Figure 4.5.
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ALTERNATI VE 8 - STORAGE

The objective of this alternative is to locate and size a storage

reservoir which can augnent low flows in the Lemhi. The reservoir
woul d be used to store water during high-flow periods and rel ease
it during critical |lowflow periods. Vater released from the

reservior would be used to augnment natural flows to provide
passage for mgrating salnmon and steel head and increase rearing
and spawni ng habitat.

Historically, critical low flows occur during the nonths of My,
July, August, and Septenber. These nonths correspond with periods
of high irrigation denand. Upstream m gration of chinook occurs
from May through August, wusually peaking in June and July. The
Lemhi generally reaches its peak streamfl ow during June snowrelt
and rain.

ALTERNATI VE DESCRI PTI ON

Previous studies analyzing the possibility of placing a storage
reservoir in the Lemhi R ver Valley have been perforned by the
US. Any Corps of Engineers (1985) and the U S. Bureau of

Recl amation (1941 and 1942). These studies, which vary in |evel

of detail, have exam ned several |ocations throughout the Valley,

including Agency Creek, Bear Valley Creek, and Hayden Creek.

Using this information and data gathered through field visits, a
suitable site at streemmle 8. 1 on Hayden Creek was chosen for
t he proposed reservoir (Appendix B). The site is immediately
downstream of the confluence of Bear Valley Creek at the narrowest
point in the Hayden Creek Valley.

Two storage options on Hayden Creek are addressed in this report.
The first is the project under study by the Corps of Engineers, a
29,000 acre-foot inpoundnent. The second is a 17,200 acre-foot
i npoundnent eval uated as part of this task. Both options include
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TABLE

4.3

PHYSI CAL FEATURES OF STORACGE OPTI ONS

Total Storage

Active Storage

Dead Storage

Spillway Elevation
Dead Storage El evation
Maxi mum Dam Hei ght
Approx. Crest Length
Crest Wdth

Spillway Capacity

Option 1 Qption 2
(CORPS) (OTT)
29,000 acre-feet 17,200 acre-feet
25,500 acre-feet 15, 000 acre-feet
3,500 acre-feet 2,200 acre-feet
6, 180 feet 6, 140 feet
6, 040 feet 6, 010 feet
300 feet 260 feet
1, 300 feet 1,150 feet
30 feet 30 feet
27,600 cfs 27,600 cfs
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Thi s hydrograph was derived fromthe USGS gage on Lemhi R ver near
Lemhi and then correlated with three years of Hayden Creek data
gat hered by the Bureau of Reclamation in the early 1940s. At the
proposed dam site, Hayden Creek drains 80 square mles of area. A
synt hetic hydrograph has been devel oped using the ratio of the
drai nage areas and nean nonthly flows for Hayden Creek at the
mout h. This assunes that all other hydrologic factors are
constant over the drainage area. Figure 4.6 shows the nean
nonthly flows in Hayden Creek at the site.

Qper ati on
Option 1
In the reservoir analysis perfornmed by the [IDAR (19821,

synt hesi zed nonthly flows from 1922 through 1971 were used. The
percentage of flows available for storage were assunmed to be 100

percent for Cctober through April, 50 percent for My, and
0 percent for June through Septenber. A mninmuminstream fl ow of
6 cfs al so was assuned. The required augnentation flows were

conputed from the Lemhi River gage records adjusted to the
critical reach at the 28 O ub Restaurant near diversion L-7.
These flows were subtracted from mninmumrequired flows to derive
the required supplenental flows. The required m ninmum flows
estimated by the U S Fish and Wildlife Service were as foll ows:

Cctober to March: Nat ural Fl ows

April 1 to May 15: 150 cfs
May 15 to Septenmber 30: 75 cfs

Option 2

Most of the water rights on Hayden Creek are diverted from
approximately April 1 to Cctober 1 each year. The allocated water
rights between the proposed damsite and.the nouth of Hayden Creek
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total approximately 63 cfs. Basin Creek, Rye Gass Ceek, and

Meadow Creek all supplement flows in Hayden Creek below the
proposed site. These streans provide anple flow for water rights
al | ocated downstream of Meadow Creek. However, approxinately

35 cfs has been allocated at points between the proposed site and
Meadow Creek and nust be released fromthe dam

A flow of 10 cfs would be rel eased during reservoir recharging
periods to satisfy donestic and |ivestock uses and to provide an
aesthetic flow.  These periods extend from Novenber through March
when water rights are not exercised. Aesthetic flows may vary
during actual operation depending on the contribution by
groundwat er and Meadow Creek, which is 2.5 mles downstream

The reservoir would rel ease sufficient flow to provide passage for

upstream mgrants. Mnimum instream flows and preferred
augnentation flows have been conputed for several critical points
on the Lenmhi, and are given in Table 3.1. D version L-6, at
RM7.40, i1s historically the nmost critical point with respect to
passage on the River. OIT estimated that 50 cfs nust be added to
the Lemhi fromthe reservoir in order to provide for passage and
to increase habitat. It is assunmed that water released fromthe

reservoir would not be diverted before reaching L-6.

[ n most years, critical flows can be mai ntai ned  w t hout
augment at i on. In these years, the dam would release flows
according to an operating procedure that would provide an increase
in rearing habitat. For this Study, it was assunmed that 50 cfs

woul d be released during the nonths of wmay, July, August, and
Sept enber .

Modi fied average nonthly flows in Hayden Creek bel ow the site of
t he proposed dam can be seen on Figure 4.7. This figure shows
base flows that remain in the stream flows reguired for storage,
and flows to be rel eased for augnentation. Average nonthly flows
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during Cctober are less than those allocated through water rights
| egi slation, and cannot be used for storage. It can also be seen
on Figure 4.7 that the nonth of June accounts for a great deal of
the total yearly storage requirenents. Actual June flows wll
affect the anount of water available for augnentation during July,
August, and Septenber.

Area-capacity curves have been devel oped using 1 to 62,500 scale
t opographic maps with 80-foot contour intervals (Figure 4.8). The
maxi num capacity of the reservoir is 17,200 acre-feet. The
m ni mum vol ume of active storage, calculated using nmean nonthly
flows, is 15,000 acre-feet. The remaining 2,200 acre-feet is dead
st or age.

Dam

For the devel opnent of cost estimates, a 260-foot high, roller
conpact ed concrete dam was assuned. An 80-foot gated spillway and

outlet works are included. Maxi mum pool elevation in the
reservoir is 6,140 feet and the crest length of the damis 1,150
feet and its wwdth is 30 feet. The downstream face is sl oped

0.8H 1.0V, and the upstream face is vertical
Power

Prelimnary analyses have also been perfornmed for the storage
reservoir with the addition of hydropower. Included in this
alternative are outlet works, powerhouse, transm ssion |line, and
appurtenant electrical and nechani cal equi pnent. The power house
woul d contain two 1,150 kw Francis turbines. Each unit woul d have
i design flow of 70 cfs and a design head of 200 feet. Power
veneration wll comence April 1 and extend through Septenber 30.

igure 4.9 shows the average nonthly pool elevation and gross head
ased on an estinmated streanbed el evation of 5,980 feet. It was
assuned that all water released fromthe dam would be used for
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TABLE 4.4

CAPI TAL COSTS FOR STORAGE RESERVAO R W TH PONER

| TEM UNFT  QUANTITY UNIT COST TOTAL COST
LAND AC 225 $ 400.  § 90, 000
RESERVO R CLEAR & GRUB AC 225 220. 50, 000
DAM SPI LLWAY & OUTLET WKS LS - a- 21.100. 000
POAER PLANT 1, 420, 000
Turbines & Generator LS 837,000
Accessory Elec. Equip. LS 583, 000
SW TCHYARD LS 68, 000
TRANSM SSI ON__ LI NE 755, 000
New Line M 8.1 45,000. 365, 000
Upgr ade M 26.0 15, 000. 390, 000
ADDI TI1 ONAL QUTLET VWKS FOR PONER LS We- S 150, 000
PONERHOUSE SQ FT 975 150 146, 000
BUI LDI NGS5, GROUNDS, & UTILITES LS 240, 000
ROADS 61, 000
Paved FT 2500 10. 25,000
G avel FT 6000 6. 36, 000
CVIL SITE WRK LS 30, 000
MOBI LI ZATI ON LS S T 800, 000
SUBTOTAL 24,910, 000
20% ENG NEERI NG & ADM NI STRATI ON 4,980, 000
15% COVPOSI TE CONTI NGENCY 3, 740, 000
TOTAL CONSTRUCTI ON $33, 630, 000
| NTEREST DURI NG CONSTRUCTI ON 5, 200, 000
TOTAL CAPI TAL | NVESTMENT $38, 830, 000
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power production. The expected average annual energy production
of the plant would be 5,060 M.

Costs

Several sources were used to develop <cost summaries in the
follow ng section. Unit costs developed in this Study have been

used wherever possible. Data on roller conpacted concrete (RCO
dans were obtained fromthe Corps of Engi neers. Cost estinates
were derived using volunme ratios of simlar structures. Power -

plant costs were derived from cost curves devel oped by OIT and the
Corps of Engineers for the Northwest Power Planning Council's PNW
Hydropower Data Base. These curves estimate conponent costs based
on installed capacity and other physical characteristics of the
proj ect.

RESULTS

Costs

Prelimnary cost estimates have been prepared for both reservoirs
with power and the OIT alternative w thout power (Tables 4.4 and
4.5, respectively). Total investnent represents total capital
costs plus 20 percent for engineering and admnistration, and a 15
percent contingency. Total investnment does not include any annual
or replacenent costs. Operation and nai ntenance costs are given
separately. Prices shown have been escalated to 1985 price
l evels. The costs for both options are summarized in Table 4.6.

I nplications for Fish

Benefits from the construction of a storage reservoir on Hayden
Creek woul d be derived in four areas: flow augnentation, power

generation, flood control, and recreation. D scharges fromthe
reservoir would provide the necessary flows in the Lenmhi to allow
fish passage at critical points during |lowflow periods. Fl ow
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TABLE 4.6

COSTS FOR STORAGE RESERVA R OPTI ONS

First Cost &M
$1, 000 $1, 000
Qption 1
wth 1155 kW 42,500 162
Power Pl ant
Qption 2
W th Power 38, 830 160
tion 2
w t hout Power 34, 881 40
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TABLE 4.5

CAPI TAL COSTS FOR STORAGE RESERVAO R W THOUT POWNER

| TEM UNIT QUANTITY UNI T COST TOTAL COST

RESERVO R CLEAR & GRUB AC 225 $ 400. $ 90,000
DAM SPI LLWAY & OUTLET VKS LS oo --- 21, 100, 000
BU LDINGS, GROUND & UTILITIES 213, 000
ROADS 61, 000
Paved FT 2500 10. 25, 000

G avel FT 6000 6. 36, 000
aviL SITE WORK LS 30, 000
MOBI LI ZATI ON LS 670, 000
SUBTOTAL 22,134,000
20% ENG NEERI NG & ADM NI STRATI ON 4,427,000
15% COWPCSI TE CONTI NGENCY 3, 320, 000
TOTAL CONSTRUCTI ON $29, 881, 000
| NTEREST DURI NG CONSTRUCTI ON 5, 000, 000
TOTAL CAPI TAL | NVESTMENT $34, 881, 000
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augnentation also would increase rearing and spawni ng habitat. A
sunmary of flow nodifications for the Option 2 storage reservoir
site is shown in Table 4.7. An average annual energy of about
5,060 MM woul d be produced if the "with-power" alternative is
adopted. This power would be sold to local utilities.

Fl ood control benefits mght be realized by residents of |ower
Hayden Creek. Typical flooding occurs when spring rains acconpany
snowrelt in the nonth of June. Recreation benefits such as
fishing and boating mght be realized fromthe reservoir. Only
the potential benefits of power have been cal cul ated here. The
average annual augnented flows on Figure 4.7 can be used to
calculate the fisheries benefit in other tasks. A summary of
augnmented flows and power benefits is presented in Table 4.8. The
power benefits assume a $. b/ kWh cost for power.

O her Consi derations

In addition to economc and flow benefits, there are several
considerations that have a bearing on alternative selection.

Augnented flows released fromthe reservoir could be diverted for
irrigation before reaching the critical reach about 31 mles bel ow
the reservoir. The water right associated with the reservoir
coul d be superceded by the prior irrigation rights on Hayden Creek
and the Lenmhi River. There would have to be a procedure by which
the irrigation diversions would be nonitored to ensure that
augnented flows are not being diverted unnecessarily.

An alternative involving a large dam would be difficult to
impl enent, and it would not be conpleted until approximtely 1992.
Public sentinment is generally against |arge dam projects, although
the Lemhi Valley irrigators have said they would support such a
proj ect because there would be nore water available for irrigation
during low fl ows.
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TABLE 4.7

FLOW MCDI FI CATI ON AT LOCATI ON OF PROPOSED STORAGE RESERVA R

AESTHETIC ~ AUGMENTATION  MEAN

MEAN | NFLOW WATER RI GHT FLOW FLOW OUTFLOW
MONTH cfs as cfs cfs cfs
Cct ober 18 35 0 0 18
Novenber 24 0 10 0 10
Decenber 24 0 10 0 10
January 22 0 10 0 10
February 22 0 10 0 10
Mar ch 24 0 10 0 10
April 59 35 0 0 35
May 92 35 0 20 112
June 151 35 0 0 95
July 65 35 0 20 85
August 19 35 0 50 69
Sept enber 16 35 0 50 66

| Water rights flows represent allocations between the site and
Meadow Creek.
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AUGMVENTATI ON FLOAS AND PONER BENEFI TS

AUGMVENTATI ON  BENEFI T:

TABLE 4.8

Mont h Qption 1 Qption 2
Cct ober -5.2 cfs -0
Novemnber -7.9 cfs -14 cfs
Decenber -6.8 cfs -14 cfs
January -5.6 cfs -12 cfs
February -5.0 cfs -12 cfs
Mar ch -6.0 cfs -14 cfs
Apri | -15.2 cfs -24 cfs
May -27.8 cfs +20 cfs
June +6.0 cfs -56 cfs
July +19.5 cfs +20 cfs
August +34.8 cfs +50 cfs
Sept enber +15.8 cfs +50 cfs
PONER BENEFI T:
Average Annual Energy $136, 500 $253, 000
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ALTERNATIVE 9 - TRAP AND HAUL

The objective of this task is to develop a trap and haul system

that will trap upstream and downstream mgrating salnmon and
steel head and transport them around critical |owflow reaches of
the Lemhi. The systemincludes a juvenile trap |ocated above the

critical reaches and an adult trap | ocated near the nouth of the
Lenhi .

QG her enhancement alternatives presented involve nethods to
increase the amount of flow in the stream and thereby aid fish in
their magration. This alternative does not attenpt to solve the

problemof low flowin the |ower reaches of the Lenmhi. Rather, it
provides a nethod of circunventing the critical reach during
lowflow events, thereby inproving upstream and downstream
passage.

ALTERNATI VE DESCRI PTI ON

Juvenile Facility

The site selected for a juvenile trap and haul facility is |ocated
at RM 30.4, between diversions L-41 and L-42, inmmediately upstream
fromthe confluence of Hayden Creek. The location is shown on
Figure 8.3, Appendi x B. State H ghway 28 runs adjacent to the
| eft bank of the River providing easy access for construction and
transportation of fish. Access to the right bank for construction
and mai ntenance would require crossing the R ver at Lenmhi and
traveling approximately 1.5 mles on uninproved roads to the
site.

Substantial inprovenents, including sone sections of new road
woul d be required for adequate passage along the right bank. A
woodf rame bridge exists approximately 0.3 mles upstream which
would provide closer access for foot traffic, but W thout
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extensive structural work it is thought to be unsafe for heavy
equi pnent .

The stream channel at this point is approximtely 60 feet w de.
Alluvium at the site is cobble to boulder size, due to the
relatively steep gradient of the River. Bank material is conposed
of silts to coarse sands and gravels, typical of nost of the Lenhi
Val | ey.

The juvenile trap facility consists of a permanent concrete sl ab,
| ouver fish barrier, juvenile fish trap, and an adult fish bypass.

Details are shown on Figure 4.10. The slab is 30 feet wi de and
ext ends bank-t o- bank. To prevent accunul ation of bedload, the
slab is sloped slightly downstream The slab also would aid in
reduci ng turbul ence around the |ouver system Cutof f walls would
extend 3 feet into the alluviumon the upstream edge and 5 feet on
t he downstream edge of the slab to prevent scour during peak
runof f .

A louver fish barrier 120 feet long is oriented 30 degrees to the
direction of flow The barrier consists of 12 separate panels,
each 10 feet in |ength. Panel s woul d contain interchangeable
al um num vanes with a 2-inch clear space between vanes.

Louver panels slide into steel braces at the joint. Braces are

pi nned to permanent brackets inset in the concrete slab. Louver
panel s are equipped wth automatic pressure-rel ease nechani sns.
These woul d all ow the panels to lay down during sudden flow surges

or debris accunul ation.

A juvenile fish bypass is placed at the downstream end of the
| ouver system on the left bank. Fish nove down the bypass channel

and through a 'V trap into a holding pool. A vertical alumnum
punched plate crowds fish into a nmechanical elevator at the end of
t he pool . The el evator consists of a 4-foot by 4-foot by 6-foot
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perforated steel hopper. The upstream wall of the hopper is
hinged, allowing it to lay flat while fish enter. Wen the hopper
is full the wall will close. The hopper is hoisted by neans of a
gantry winch, and then noved to the truck | oading area. Fish are
| oaded directly into a truck through a gate in the bottom of the
hopper.

Since the upstream mgration period for adult steel head coincides
with the period of operation of the juvenile fish trap, an adult
fish bypass is provided. Adult fish are guided upstream along the
| ouver barrier to a fishway entrance. The fishway consists of a
6-f oot w de concrete channel at the right abutnment of the |ouver

barrier. Upstream mgrants would pass through the fishway
channel, over an adjustable screen weir, and back into the River
above the |ouver barrier. The adjustable screen weir could be a

tel escoping fish screen, float-adjusted to remain 6 inches bel ow
the water surface. The screen would allow water to pass through
the fishway while preventing nost downstream m grants from passing
the |ouver barrier. A trash deflector, placed upstream of the
fishway exit, also would aid in diverting juveniles fromthe
fishway.

Adult Faciltiy

The site chosen for the adult trap and haul facility is
approxi mately 100 yards upstreamfromthe nouth of the Lenmhi and
downstream of diversion L-1. The location is shown on Figure B.1,
Appendi x B. At this point, the river channel tends to the right
bank due to a bend in the River. Material on the right and |eft
banks consists of alluvial deposits, nostly sands and gravels.
The streanbed is conposed of cobble to boul der size alluvium

The adult trap includes a concrete slab, renovable barrier,
hol ding pool, and elevator. Details are shown on Figure 4.11. To
mai ntain a constant cross section, a concrete slab would be
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installed and woul d extend 100 feet across the R ver. From t he
right bank it would run horizontally 50 feet and then change to a
10 percent slope up to the left bank training wall. Thi s
configuration is designed to approximte the natural shape of the
River channel at this site. Cutof f walls would be placed at the
upstream and downstream edges of the slab, and extend 5 feet into
the alluvium Cutoff walls are necessary to prevent scour during
high flows.

A renovabl e bar rack and stoplog fish barrier would be attached to
the slab at a 45-degree angle to the direction of flow.  The bar
rack panels are constructed from al um num pipe placed with a
one-inch clear space between bars. Panels 4 feet high by 5 feet
long are placed vertically in steel braces, simlar to those used
at the juvenile trap facility. Stoplogs are used to regul ate and
concentrate the flow during extreme [owflow periods. To maintain
the flow near the fish trap entrance, stoplogs would be added from
t he bank.

Adult fish would nove upstream along the barrier to the right bank
and enter a fish trap. Auxiliary water is diffused into both
sides of the lo-foot wide and 20-foot long holding pool .
Auxiliary water would pass fromthe R ver through the trashracks
and into the holding pool. Stoplogs would be added to the barrier
if additional flow is needed. Fish in the hol ding pool would be
crowded into the elevator with a vertical alum num punched plate.
Water punped into the elevator would then raise the fish to the
el evation of the |oading chute. Once | oaded into the tank truck,
fish could be hauled to the upper watershed.

OPERATI ON

Juvenile Facility

The juvenile trap is designed to operate annually during the
downstream nmigration period, typically fromMarch 1 to June 1.
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Renoval of the barrier is dictated by the end of the downstream
mgration or by high flows fromspring runoff during May or early .
June.

The | ouver barrier would accommodate a maxi nrum fl ow of 450 cfs
whi | e nmai ntai ni ng an approach velocity of |less than 1 fps. Thi s
flow is exceeded | ess than twenty percent of the tinme during the
mont h of May. Way is typically the highest flow nonth of the
downstream m gration period. When flows rise above 450 cfs the
| ouver barrier would be renoved.

Adult Facility

The adult trap would be operated only on an energency | owfl ow
basis. Upstream migration of adult steel head and chi nook spans a

period from March through August. During this period, the barrier

dam woul d be installed only when the conbination of available flow
in the River and irrigation demands cause an upstream passage
barrier. This woul d occur approxinmately one in four years. The

average duration of operation is estimated to be one nonth.

RESULTS
Cost

Cost estimates have been prepared separately for each site. Tota
project costs include estimates for capital and annual costs.
Capital costs include construction, engineering services, and
equi prent.  Annual costs include |abor and materials required for
operation of facilities and trucks. Detail ed cost sumuaries are
given in Tables 4.9 and 4.10.

Inplications for Fish

The objective of this task is to provide a neans by which fish can
pass critical reaches of the River. Benefits of this alternative

4-67



TABLE 4.9

CAPI TAL AND ANNUAL COSTS FOR THE JUVEN LE
TRAP AND HAUL FACI LITY

| TEM UNIT  QUANTITY $/UNIT $

MOBI LI ZATI ON LS $ 10,000

DEWATERI NG LS 5,000

EARTHWORK 12,900
Excavation (trench) CcY 1500 3.00 4,500
Backfill (common) CcY 1000 1.00 1, 000
Ri prap CcY 210 35. 00 7,400

(Material Placenent)

CONCRETE 107,500
Structural cY 200 350. 00 70, 000
Sl ab CcY 150 250. 00 37, 500

METALS 49, 400
Structural Fabricated LB 8000 2.00 16, 000
Braci ng LB 4000 2.00 8, 000
Louvers LB 2600 9.00 23, 400
Fence LS 2,000

WOODS 1, 000
St opl ogs Ls 1, 000

EQUI PVENT 90, 000
W nch 10, 000
Truck 80, 000

M _SCELLANEQUS 12, 000
Access Road LS - 10, 000
Gvil Site Wrk Ls - 2,000
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TABLE 4.9
( Cont i nued)

CAPI TAL AND ANNUAL COSTS FOR THE JUVEN LE
TRAP AND HAUL FACILITY

UNI T COST TOTAL COST
| TEM UNNT  QUANTITY  $/UNIT $
Subt ot al 287, 800
20% Engi neering and Adm n. 57, 600
30% Conti ngency 86, 300
TOTAL CAPI TAL COST $431, 700
ANNUAL COST .
Labor (145 nan-days @ $128/ man-day) 18, 600
Mat eri al 500
Truck Mai ntenance 2,300
TOTAL ANNUAL COST $ 21,400
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TABLE 4.10

CAPI TAL AND ANNUAL COSTS FOR THE ADULT TRAP
AND HAUL FACILITY

| TEM UNIT  QUANTITY  $/UNIT $

MOBI LI ZATI ON LS - $10, 000
_DEWATERI NG LS 5, 000
EARTHWORK 16, 800
Excavation (trench) CcY 2200 3.00 6, 600
Backfill (conmon) CcY 1400 1.00 1,400

Ri prap CcY 250 35. 00 8, 800

(Material Placenent)

CONCRETE 75, 400
Structural CcY 94 350. 00 32,900

Sl ab Cy 170 250. 00 42,500
METALS 70, 000
Structural Fabricated LB 10,000 2.00 20, 000
Trash & Diffusion Racks LB 7, 800 2.00 15, 600
Braci ng LB 4,200 2.00 8, 400
Gat es LS 2 4, 000. 00 8, 000

Al um num Bar Rack LB 2,000 9.00 18, 000
WOODS 500
St opl ogs BF 1, 200 0.35 500
EQUI PWENT 110, 000
W nch LS 2 10, 000
Punp LS 2 20, 000
Truck LS 1 80, 000

M _SCELLANEQUS 7,000
Access Road LS - 5, 000
Gvil Site Wrk LS 2, 000
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TABLE 4.10
(Cont i nued)

CAPI TAL AND ANNUAL COSTS FOR THE ADULT TRAP
AND HAUL FACILITY

| TEM UNIT  QUANTITY S/uNniT $
Subt ot al 294, 700
20% Engi neering and Admi n. 58, 900
30% Conti ngency 88, 400
TOTAL CAPI TAL COST $442, 000
ANNUAL COsT
Labor (132 man-days @ $128/ man- day) 4,100
Mat eri al 100
Truck Mai ntenance 200
TOTAL ANNUAL COST $ 4,400
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accrue solely froman increase in fish production. A trapping

efficiency of approximately 81 percent (90 percent capture and 90
percent transportaion efficiencies)

fish trap. The adul t
efficient.

is assuned for

the juvenile
fish trap is

assuned to be 90 percent
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CHAPTERS

BENEFI TS ANALYSI S

SELECTI ON_OF COPTI ONS

At the interagency neeting of Septenber 11, 1985, each of the nine
alternative solutions assessed in OIT's Draft Evaluation of
Alternatives Report (Chapter 4) were discussed. The follow ng
conclusions were reached by agency personnel regarding OIT s
enphasis for the renai nder of the Study:

o The nost inportant itemto be addressed in the benefits
analysis is the inprovenent of upstream mgration
condi tions for sal non and steel head.

o | ncreased juvenile rearing habitat in the |ower Lenhi
River mght be created if streamflow is seasonally
augment ed, but greater Dbenefits wll probably be

realized if adult upstream passage is inproved

o Downstream juvenile mgration enhancenent, t hr ough
i nproved fish screens and bypasses, is not an integral
part of the Study and need not be addressed as a primary
assessnent objective. Currently, NHFS funds and | DPG
i mpl ements a program for upgrading and maintaining
irrigation diversion screening facilities.

Based upon these conclusions, it was decided that the follow ng
five actions should be assessed in the benefits anal ysis:

o Diversion Dans. The problem of fish spawning mgration
bl ockage is nost severe at diversions L-5, L-6, and L-7.
However, all diversion dans |listed on Table 2.1 should
be considered as influencing adult passage.
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o Channel i zat i on. Channel i zation is an inportant factor
in solving the upstream fish passage problem and should
be enphasi zed.

o Sprinkler lrrigation. Sprinkler irrigation appears to
be a potential alternative for reducing surface water
wi t hdrawal s and shoul d be assessed in conjunction with
direct water diversions fromthe Lemhi R ver.

o Purchase Water R ghts. Purchasing partial or entire
water rights would allow nore water to renmain in the
river.

o Pur chase Land. Land purchased for the purpose of

securing instream water rights could be resold w thout
the rights, used for fishernen access or recreation, or
reclaimed for wldlife habitat.

The benefits analysis also should consider the acceptability of
each alternative solution to | andowners.

Based on the above considerations, OIT devel oped four ehnhancenent
options (A through D). Each option is described in Table 5. 1.
Ooption A includes pernmanent diversion dans and channelization to
pronote fish passage at the nost critical |ower Lemhi River
reaches. Option C covers both critical and probl em passage
reaches (where migration blockages occur less freauently).
Options B and D are identical to A and C, respectively, except
that stream flow is augnented through water rights purchases.
Each enhancenent option is analized with respect to four fisheries
managenent al ternatives.

MANAGEMENT AL TERNATI VES

For each enhancenent option, OIT evaluated four fisheries
managenent  al ternatives. These alternatives reflect OIT s
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OPTI ON

TABLE 5.1

ENHANCEMENT OPTI ONS

DESCRI PTI ON

AUGVNENTED
FLOW (cfs)

Per manent di version and | evee construction
at L-5, L-6, and L-7; riverbed channeliza-
tion at L-5, L-6, L-7, SPSI, SPS2, and SPS3.

Option A plus: flow augnentation through
partial water rights purchase and increased
wat er application efficiency (by inproving
flood I1rrigation practices or installing
sprinkler systemns).
FromL-7 to L-6
Fl ood Irrigation |nprovenents
Sprinkler Systens
From L-6 to Muth
Fl ood Irrigation |nprovenents
Sprinkler Systens

Per manent diversion and | evee construction
at L-5, L-6, L-7, L-20, L-22, L-3lA L-40,
L-41, L-43, L-44, L-45D, and L-61; riverbed
channel i zation at these |ocations plus SPSl,
L-3, SPS2, SPS3, and SP$4.

Cptifn C plus: flow augnentation (described
in B).

0.0

[T
o O oo
o ol hO

* This value is used in the fisheries and benefits anal yses for

Options B & D and assunes
rat her

than flood irrigation inprovenents.
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consultations wth BPA and IDFG and represent a range of

managenent alternatives that nay be appropriate for the Lemhi

River. To the extent that it was conpatible with the objectives
of the Study, OIT incorporated the managenent strategy for the
Lemhi River identified in the Draft | daho Anadronmous Fi sh
Managenment Plan (1 DFG 1984).

Al though the four alternatives evaluated are not the only

fisheries managenent possiblities, this fisheries benefits
analysis is confined to alternatives that would result in Options
A through D having some net beneficial effect. Each alternative

evaluated by OIT assunes that at the tine the project is
i mpl emented, the expected 1995 juvenile mgrant passage conditions
in the Colunbia and Snake Rivers woul d be achi eved. Thus, the
snolt-to-adult survival rate (SAR for spring chinook is expected
to be 1.5 percent and the SAR for steel head, 5.19 percent.

The followng sumaries define the evaluated fisheries managenent
al ternatives.

MANAGEMENT ALTERNATI VE NO. 1

Using this alternative, chinook salnon runs increase naturally
fromthe current population level; harvest is delayed until ful
habitat seeding is reached: and juvenile mgrants are inpaired due
to diversion screens and bypasses remaining in their current
condi tion.

Assunpti ons:
o The spring chinook run builds naturally fromthe current
run size of 330 fish. No harvest is permtted until

full seeding of juvenile rearing habitat is achieved.
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o A 30-percent and 75-percent reduction in target SAR s
exists in the Lenmhi River for spring chinook and
steel head, respectively, due to the reduction in the
return of adults caused by downstream m grant probl ens
at screened irrigation diversions.

o) | DFG continues to rel ease an average of 2,000 surplus
hat chery steel head spawners in the Lenhi River annually.

MANAGEMENT ALTERNATI VE NO. 2

Using this alternative, the chinook run is sustained at current
levels;a limted harvest is permtted: screen and bypass
i npai rment continues for juvenile migrants as in Aternative
No. 1.

Assunpti ons:
o Spring chinook salnon are harvested at a rate that
mai ntains an escapenent of 330 fish. Thus, full

juvenile rearing habitat seeding is never achieved.

o A 30-percent and 75-percent reduction in target SAR s
exists in the Lenmhi Rwver for spring chinook and
steel head, respectively, due to the reduction in the
return of adults caused by downstream m grant probl ens
at screened irrigation diversions.

o | DFG continues to rel ease an average of 2,000 surplus
hat chery steel head spawners in the Lemhi River annually.

MANAGEMENT ALTERNATI VE no 3

Using this alternative, chinook runs increase naturally fromthe
current population level: harvest is delayed until full habitat
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seeding is reached; and irrigation diversion screens and bypasses
are inmproved fromtheir current condition.

Assunpti ons:

o]

The spring chinook run builds naturally fromthe current
run size of 330 fish. No harvest is permtted until
full seeding of juvenile rearing habitat is achieved.

There is a 75 percent basin-wide | Nprovenent in
downstream i grant passage conditions at screened
irrigation diversions in the Lemhi River.

| DFG continues to release an average of 2,000 surpl us
hat chery steel head spawners in the Lenhi River annually.

MANAGEMENT ALTERNATI VE NO. 4

Using this alternative, supplenmental stocking of chinook fry and
fingerlings occurs for accelerated run building; and the diversion
screens and bypasses are inproved.

Assunpti ons:

o

IDFG provides  full hatchery  suppl enentati on W th
outplanted juvenile chinook salnon to fully seed
avai l abl e habitat during the first return cycle, but
there is no supplenentation thereafter.

No harvest occurs until the first chinook sal mon return
cycle is conpl et ed.

There is a 75 percent basin-wide inprovenent in
downstream mgrant passage conditions at screened
irrigation diversions in the Lemhi River.



o | DFG continues to rel ease an average of 2,000 surplus
hatchery steelhead spawners in the Lenhi R ver
annual | y.

BENEFI TS TO THE FI SHERY

To determne potential fishery benefits resulting fromthe four
enhancenent options and the associated fishery managenent alterna-
tives, Buell & Associates, Inc. conducted an assessnent of chinook
and steel head production in the Lenmhi River. The foll ow ng
sections describe the assessnent nethodol ogy and the application
of the assessnent results to develop fishery and economc
benefits. This section is sumarized fromthe Task 3.2 Report
prepared for OIT by Buell & Associates, Inc. (February 1986).

SMOLT PRCDUCTI ON

A detailed stream survey was conducted to quantify and descri be
rearing habitat available for juvenile chinook salmon and
steelhead in streans of the Lenmhi Basin (Chapter 3). Using the
stream survey data, Buell & Associates made estinmates of the
potential for natural production of spring chinook sal non and

summer steelhead snolts in the Lenhi Basin. The esti mates
consider both current conditions and those that would prevail
under each of the enhancenent options. The estinmates are based

upon the quantity and quality of available rearing habitat and
upon probable rearing densities of juvenile fish under fully
seeded conditions.

Data on the capacity of the upper Lemhi R ver (Reaches 4, 5, and
6) to produce juvenile spring chinook and summer steel head were
reported by Bjornn (1978). However, estimating the potential for
snolt production in the lower Lenmhi River (Reaches 1, 2, 3) is
difficult because:
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(o]

No data on fish production or fish densities in the
| ower Lemhi River are available

The |l ower Lemhi River has habitat of |ower quality than
that found in the upper Lenhi. The quality difference
is due to stream channelization, stream dewatering, and
hi gher water tenperatures. This makes it unreasonabl e
to apply data on fish production per habitat area in the
upper Lemhi directly to habitat data coll ected on the

| ower Lenhi

No data on fish production or fish densities are
available for streans simlar to the |ower Lenmhi R ver
This is because there are few, if any, other streans
whi ch have habitat conditions |like those found in the
| ower Lemhi

No data are available on the relative |ongitudina
distribution of juvenile steelhead or chinook salnmon in
the Lemhi River, or anong different types of habitat.

The potential for producing spring chinook and sunmer steel head
snmolts in the lower Lenhi River was estimated through a five-step

process:

Data collected during a 14-year study (1962-1975) of
fish production in the upper Lenmhi R ver suggests that
500, 000 snol t - si zed m gr ant chi nook and 75,000
snol t-sized m grant steel head can be produced (Bjornn,
pers. conmm). O these snolt-sized mgrants, approxi-
mately 65 percent of the chinook and 67 percent of the
steelhead will overwinter prior to snmoltification and
seaward mgration. Assuming a 50 percent overw ntering
survival rate for the mgrants (Bjornn, pers. comm
Chapman, pers. conm), the wupper Lenmhi R ver has a
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potential to produce 337,500 spring chinook and 49, 988
sumrer steel head snolts.

The total surface area of each habitat type in each
study reach of the Lemhi R ver and Big Springs Creek was
wei ghted to account for habitat quality differences
between the reaches. Wights assigned to habitat within
each of the different reaches were based upon
observations mnade during the stream survey and upon
stream tenperatures neasured during the sumer of 1985.
The differences in habitat quality were related to
general trends of declining riparian zone conditions,
increasing water tenperatures, and greater streanbed
channelization in the downstreamdirection

Factors used to weight the surface area of each habitat
type in each study reach of the Lenmhi River and Big
Springs Creek are presented in Table 5.2. This includes
the factors used for both prevailing (Options A and Q
and enhanced (OQptions B and D) stream fl ow conditions.
The factor for Reach 1 (lower Lermhi River) increased
W th enhancement to account for a decrease in water
tenperatures expected to result. Better stream
tenperature data than are presently avail able would
allow the developnent of nmore accurate weighting
factors.

The potential for snolt production in the upper Lenhi
Ri ver was apportioned to the weighted surface areas of
each habitat type using information on the relative
distribution of juvenile chinook salnon and summer

steel head within | daho streans (Table 5. 3). This was
done to estimate the nunber of snolts produced per
wei ghted unit area of each habitat type.
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TABLE 5. 2

HABI TAT QUALI TY WEI GHTI NG FACTORS

VEI GHTI NG FACTOR

REACH QUALI TY HABI TAT CONDI TI ONS Prevailing Enhanced

Lower Lemhi Poor: extensive channelization | /4 /3
Max. summer tenp. (1985) = 21.5°C

Lower Lemhi Ceneral ly fair; extensive channelization /3 /3
Max. summer tenp. (1985) = 21°C

Lower Lemhi Fair; noderate channelization /2 /2
Max. summer tenp. (1985) = 17°C

Upper Lemnhi Good: m nor channelization 3/ 4 3/ 4
Max. summer tenp. (1985) =

Upper Lemhi CGeneral |y excel | ent I/ |/

Big Springs Cr.

Max. summer tenp. (1985) = 17°C

Ceneral |y excel |l ent [/1 I/1



TABLE 5.3

JUVENI LE FI SH DENSI TI ES BY HABI TAT TYPE

Fi sh Densities (#/ sq yd)

HABI TAT

TYPE AGE 0+ CH NOXX ACE |+ STEELHEAD
Pool 0. 325 0.275
Riffle 0.078 0.077

Run 0.086 0.116

Pocket wat er 0.132 0. 209

Si dechannel 0. 110 0. 102
Backwat er 4.625 0.075



. The potential for snolt production in the |ower Lenhi
R ver was calculated as the sum of the nunber which can
be produced by the weighted surface area of each of the
si x habitat types. The estimated potential for spring
chi nook sal non and summer steel head snolt production in
the lower Lemhi River is given in Table 5.4. Table 5.4
al so gives estimates for the upper Lenmhi River and for
Hayden Creek.

The Hayden Creek estimates in Table 5.4 are based on a
direct application of the juvenile fish densities
indicated in Table 5.3 to the surface areas of rearing
habitat. The predicted potentials for production of age
|+ steel head and age 0+ chinook were adjusted with a
SO percent overwinter survival rate to yield the snolt
production figures given.

SPRING CHI NOCK

Under current conditions, the Lenhi Basin is estimated to be
capabl e of producing 483,528 spring chinook smolts. Gven a ratio
of 1,852 eggs per escaping spawner, and an average egg-to-snolt
survival rate of 6.89 percent (Bjornn, 1978), an escapenent of
3,789 spring chinook spawners is needed to fully seed avail able
rearing habitat in the basin. This reflects a required
smolt-to-adult return rate (SAR) of 0.784 percent in order to
maintain the run size if all returning adults escape to spawn.

For enhancenent options providing stream fl ow suppl enentati on
(B and D), it is estimated that rearing habitat in the Lenmhi Basin
wi ||l be capable of producing 505,223 spring chinook smolts. Using
the sanme eggs per e€scaping spawner and egg-to-snolt rates
previously noted, an escaperment of 3,959 adult spring chinook wll
be needed to fully seed the available habitat. The sane m ni mum

SAR as that for prevailing conditions (0.384 percent) would be .
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TABLE 5. 4

POTENTI AL CH NOOK AND STEELHEAD SMOLT PRCDUCTI ON

SPRI NG CHI NOCK

REACH SMOLTS
Preval I 1 ng Enhanced
Condi ti ons* Condi tions**
UPPER LENMHI 337, 500 337,500
(Reaches 4, 5 and 6)
Reach 3 33,999 33,999
Reach 2 60, 105 60, 105
Reach 1 38, 741 60, 436
LOAER LEMH TOTAL 132, 845 154, 540
HAYDEN CREEK 13,183 13,183
TOTAL 483,528 505, 223

* %

Qptions B and D enhance stream fl ows.

SUMVER STEELHEAD

SMOLTS

Preval | I ng Enhanced
Condi ti ons* Condi tions**

49, 988 49, 988

5,624 5,624

10,173 10, 173

5, 260 6, 786

21, 057 22,583

16, 690 16, 690

87,735 89, 260

Options A and C continue prevailing stream flow conditions.



required to maintain a run under enhanced stream fl ows provi ded
that all returning adults escape to spawn.

A SAR, wthout harvest, of about 1.5 percent for Snake River

stocks of spring chinook is hoped for by 1995. The Draft
Anadr onous Fi sh Managenent Plan for the State of |daho (I DFG 1984)
calls for a SAR without harvest of 1.6 percent. Bot h of these

future rates are optimstic and may not be realized for sone tine.
The production benefits analysis for spring chinook presented in
this report assunes that the 1995 target SAR of 1.5 percent has
been achi eved at the tinme of project inplenmentation.

Fi sheri es Managenent Alternatives Nos. 1 and 2

The SAR for the Lemhi River stock of spring chinook may be
substantially |lower than the SAR generalized for spring chinook in
| daho. A 30-percent |ower SAR has been hypothesized for Lemhi
River spring chinook to account for the current reduction in
returns of adults caused by delays of downstream migrants at
screened irrigation diversions along the Lemhi River (Managenent
Alternatives Nos. 1 and 2).

Table 5.5 gives projected values for the annual harvest of chi nook
sal non for Managenent Alternative No. 1. It also gives the
estimated harvest providing a snmall but stable run size at the
prevailing escapenent of 330 fish in relation to the productive
capacity of the basin (Managenment Alternative No. 2). The nunber
of return cycles required to reach full seeding if no harvest is
all owed during that run-building period is |isted. In addition,
the allowable harvest of adults, after available rearing habitat
in the Lenmhi Basin has becone fully seeded with spring chinook, is
gi ven. I nformation for both current conditions and for each of
t he enhancement options is provided in the table.
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TABLE 5.5

ANNUAL HARVEST

1995 Tar get

SAR if No SAR with (30%
Downst rem Downst r eam Annual Adul t
Mgration Mgration Har vest Adul t Al'l owabl e
| mpai r ment Snolts | mpai r nent Provi di ng Return Cycles Annual
at Screened  Produced  at Screened Stabl e Requi red Harvest After
| rrigation at Full Irrigation Run Size To Reach Ful | Seedi ng
Option Divers ions Seedi ng Di ver si ons* of 330 Fish** Ful | Seeding***  is Reached***
Qurrent
Condi ti ons 1.5% 483, 528 1. 05% 112 10 1,286
A 1.5% 483,528 1. 05% 112 10 1,296
B 1.5% 505, 223 1. 05% 112 10 1,344
C 1.5% 483, 528 1. 05% 112 10 1,286
D 1.5% 505, 223 1. 05% 112 10 1,344
SAR = Snolt-to-adult return rate.

*

*x
*kk

Fi sheries Management Alternatives nos. 1 and 2.
Managenment Alternative n. 2 only.

Managenent Alternative No. 1 only; 10th return cycle, i.e., year 46.



The values given in Table 5.5 are based on a sinplified nodel of
conditions affecting the Lemhi stock of spring chinook. The nodel
used to calculate the fish nunbers given in Table 5.5 assunes:

o A 30-percent reduction in SAR due to the effects of
screened irrigation diversions on outmgrant snolts in
the Lemhi River.

o The annual SAR s are constant.
o All adults return at the sane age.
o No upstream passage problens present an inpairnment to

returning adults.

o The fishery responds instantaneously to harvested fish
in excess of those necessary to fully seed the avail able
rearing habitat.

A sinmple nodel of the reductions in chinook spawner success
resulting fromdiffering degrees of unfavorable upstream passage

conditions is presented in Table 5.6. Nunmbers of fish given in
the table are based upon the same run sizes for each return cycle
as those in Table 5.5. The nunbers assune a 1.05 percent SAR

whi ch accounts for a 30-percent reduction in adult returns due to

del ays of downstream migrant snolts at screened irrigation
diversions along the Lenhi River.

The nodel represented by Table 5.6 al SO assunes:
o The annual SAR s are constant.

o Al adults return at the same age.
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TABLE 5.6

EFFECT OF PASSAGE CONDI TI ONS ON SPRI NG CHI NOOK SALMON

Hypot hesi zed Reduction in Nunber of Successful Spawners

Reduct i on I f Unfavorabl e Upstream Passage Conditions

I n Spawner Devel op During Return Cycle

Success Due

to Poor

Upst ream Return Cycle

Passage

Condi tions* 1 2 3 4 5 6 7 8 9 >9
10% 33 44 59 79 106 142 191 255 342 379
25% 83 111 148 199 266 356 477 638 854 947
50% 165 221 297 397 532 712 953 1276 1709 1895

* These conditions would be experienced 2/9 years w t hout passage
i nprovenment, /7 years under Qptions A and C, and |/13 years
under Options B and D.



o Reductions in spawner success during years of poor
upstream passage conditions are not reflected by the ,
nunber of adults returning fromthe progeny year class.

o The fishery responds instantaneously to harvest fish in

excess of those necessary to fully seed available
rearing habitat.

o The fishery does not harvest fish which are not in
excess of those necessary to at |east replace the parent
run.

Tables 5.5 and 5.6 can be used in concert to estimate the benefit
of inproved adult fish passage and rearing conditions (assum ng
there is continued inpairnent of downstream migrants at the
screened diversions) under each of the four enhancenment options.
The benefit to the fishery of each option is reflected in the
harvest that woul d have been | ost due to poor passage conditions
W t hout passage i nprovenent.

Fi sheri es Managenent Alternatives 3 and 4

Managenent Alternatives 3 and 4 address potential inprovenents in
downstream m gration conditions in the Lemhi R ver associated with
irrigation diversion screens. If outmgrant delays and direct
| osses associated with irrigation diversion screening facilities
were reduced significantly, there would be an increase in the
smolt-to-adult return rate which would result in faster run
buil ding and a greater harvestable surplus of adult fish. The
rationale for the assunption that outmgration conditions could
i nprove i s based on a cooperative agreenent between |DFG and NMFS
to install new screening systens at sel ected diversions. It is
not known how much inprovenment in outmgrant success would accrue
fromfixing or replacing selected diversion screens. For the two
managenment alternative nmanagenent evaluations, however, it was
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arbitrarily decided that the outm grant success rate could be
i nproved so that 75 percent of the assumed outm grant |osses woul d
be elimnated on a basin-w de basis. Thus, the hypothetica

Lemhi River outm grant success rate for spring chinook woul d
change from 70 percent to 92.5 percent. For summer steel head the
rate would change from 25 percent to 81.25 percent. It iIs
inportant to note however, that elimnation of 75 percent of the
outmgrant |oss and delay problem by fixing or replacing sone
sel ected screens, may not be an attainable goal: furthernore, it
may be prohibitively expensive. Nevertheless, some assunption had
to be made to denonstrate the nature of the changes in benefits
attibutable to Options A through D resulting frominproved screens
and bypass systens.

Wth the inprovenent in downstream m grant survival discussed
above, the Lemhi R ver SAR for spring chinook would be 1.39
percent; the SAR for summer steelhead would be 4.22 percent. As a
result of these increased survival rates, the anadronous sal nonid
runs in the Lenmhi River would be able to sustain thenselves
wi t hout hatchery suppl enentati on.

Fi shery benefits for each of the four enhancenent Options A
through D, were projected for one chinook salnon hatchery
suppl ementation strategy. Managenment Alternative No. 3 is a
continuation of current IDFG activities described previously and
i nvol ves no hatchery suppl enmentation of the spring chinook run.
Managenment Alternative No. 4 maximzes the value of naturally
returning adult chinook, thus increasing the benefits attributable
to inplenentation of the enhancenent options. It does this by
bringing the Lemhi runs of spring chinook up to full strength as
rapi dly as possible through intensive hatchery suppl enentation.
Once full run strength is attained, the run depends entirely upon
naturally returning adults to seed the system Thi s strategy
would require a chinook fry, fingerling, or snolt outplanting
programduring (and only during) the first adult return cycle
follow ng project inplenentation.
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Managenent Al ternative nNo. 3

In order to determne the rate of run building and harvestabl e
surplus after full run strength is devel oped (assum ng i nprovenent
in downstream mgration conditions), Tables 5.7 and 5.8 were
construct ed. These tabl es are anal ogous to Table 5.5 and 5. 6.

Table 5.7 presents the harvestable surplus wth and without
i npl erentation of Options A through D under good upstream
mgration conditions. Table 5.8 presents the harvestable surplus
with and w thout inplenmentation of the options under inpaired
upstream mgration conditions. Both these tables assune no
suppl ement ation of the natural chinook run with hatchery juveniles
or adults.

Fi shery benefits projected for each of the four enhancenent
options are:

options A, C - +100.24 adults harvested/yr (yrs 26-50)

Options B, D - +6.19 adults harvested/yr (yrs 26-30)
+309. 19 adults harvested/yr (yrs 31-50)

The increases in harvested adults for Options A and C are derived
by multiplying the difference in frequency of occurrence for run
I mpai rment (with and w thout project inplenentation) by the
reduction in harvest that would be produced by inpairnent. The
increases in harvested adults for Qptions B and D are derived by
adding increases due to increased rearing habitat (provided by
t hose options) to the benefits produced by Options A and C

Managenent Alternative No. 4

Tables 5.9 and 5.10 estimate the increased spring chinook harvest
derived from inplenentation of each of the enhancenent options
under Managenent Alternative No. 4. The estinmates assune full
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TABLE 5.7

ANNUAL HARVEST OF CH NOOK SALMON BY RETURN CYCLE DURI NG
FAVORABLE ADULT PASSAGE CONDI TI ONS

SAR i f Current

Snol ts Downstream M gration
Pr oduced Conditions in the Return Cycl e
_ at Ful | Lemhi River are
ot 1 on Seedi ng | nproved 75 Percent o1 _2 3 4 5 _ 6 _ >6
No Proj ect 483, 528 1. 39% '] ') J') ') '] 1794 2918
A C 483, 528 1.39% g g g 1794 2918
B, D 505, 223 1.39% 2 '} g 1621 3048
Not e: The figures given here assune no hatchery supplenentation of the chinook popul ation.



(A A

TABLE 5.8

REDUCTI ON | N ANNUAL HARVEST WHEN UNFAVORABLE ADULT PASSAGE CONDI TI ONS DEVELOP

Hypost hesi zed

Reduct i on Return Cycle
I n Spawner Frequency
sSuccess Qption of Problem o1 p 2 3 4 i 6 >6
25% No Project 2/ 9 years 0 0 0 0 o 1263 1263
A C /7 vyear 0 0 0 0 0 1263 1263
B, D | /13 years 0 0 0 0 0 1320 1320

Note:  The figures given here assume a 75 percent nprovenent of downstream migration
conditions in the Lemhi River and no hatchery supplenentation of the chinook

popul ati on.



TABLE 5.9

ANNUAL HARVEST OF CH NOOK SALMON BY RETURN CYCLE DURI NG
FAVORABLE ADULT PASSACGE CONDI TI ONS

SAR i f Current

Downst r eam
M gration
Smol ts Conditions in
Pr oduced the Lenmhi River Return Cycle | ncreased
at Full are | nmproved Annual Har vest
ot i on Seedi ng 75 Per cent 1 >| Due to Project
No Proj ect 483, 528 1.39% g 2918 ']
A C 483, 528 1.39% g 2918 g
B, D 505, 223 1.39% p 3048 130

Note: The figures given here assume hatchery supplenmentation during the first return cycle
which fully seeds available rearing habitat with juvenile salmon. Full run strength
Is realized during the second return cycle.



TABLE 5.10

REDUCTI ON | N ANNUAL HARVEST WHEN
UNFAVORABLE ADULT PASSAGE CONDI TI ONS DEVELCP

Hypot hesi zed
Reduction in
Spawner Success

Due to Poor Return Cycle
Upst ream Passage _
Condi ti ons ot i on 1 >|
25% No Project ] 1263
A C g 1263
B, D ] 1320

Note: The figures given here assune full seeding of available
rearing habitat during the first return cycle as a
consequence of hatchery suppl ement ati on.
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hat chery suppl enentation of the run for one adult return cycle.
Qut pl anted juveniles would be used to supplenent and fully seed
avail able rearing habitat during the first return cycle, but there
woul d be no supplenmentation thereafter. Tables 5.9 and 5.10 are
anal ogous to Tables 5.5 and 5.6. The benefits projected for each
of the four options are:

Qptions A, C - +100.24 adults harvested/yr (yrs 6-50)
Qptions B, D - +309.19 adults harvested/yr (yrs 6-50)
STEELHEAD

Under current conditions, the Lemhi Basin is estimated to have the
capacity to produce 87,735 sunmer steel head snolts. Assum ng
survival rates of 50 percent for the egg-to-fry stage, and 1.93
percent for the fry-to-smolt stage, 104 steel head eggs nust be
deposited per smolt produced. @G ven an average fecundity of 5,500
eggs per fenale spawner and a spawni ng escapenent in the Lenhi
River, which averages 64 percent females (Bjornn, 1978), 3,520
steel head eggs wi ||l be deposited per returning steel head spawner
(both sexes). This means each returning spawner represents the
production of approximately 34 snolts in the progeny year class of
summer steelhead. It also indicates that:

o A spawni ng escapenent of 2,583 summer steelhead is
necessary in order to get full production of 87,735
smolts from the basin.

o A snmolt-to-adult return rate of 2.94 percent, without
harvest, is needed to maintain the run.

For the enhancement options that provide stream flow augnentation
(B and d), it is estimated that the Lemhi Basin will be capable of
producing 89,260 snolts. Gven the SAR required for run
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mai nt enance W t hout harvest (2.94 percent), it is projected that
an escapenent of at l|east 2,628 adult steelhead will be needed to
fully seed available rearing habitat in the Lenmhi under Options B
and D.

The historical SAR for summer steel head produced in Idaho streans
was about 5.0 percent (Raynond, 1980). This rate has been
substantially reduced by fish |osses related to hydroelectric dams
on the Col unbi a and snake Ri vers. However, recent inprovenents in
the survival rates of steelhead m grant passage through the Snake
and Col unbia R vers have raised the hope that, for |daho stocks,
SAR's may attain the historical condition. These hopes are
optimstic, but lacking better information on the future SARs for
| daho steel head, a target SAR of 5.19 percent, without harvest, is
used in this analysis of project benefits (USACE, 1985).

Managenent Alternative ns. 1 and 2

The SAR for steelhead in the Lemhi Basin is presently |ower than
the SAR generalized for all sumer steelhead in Idaho. e study
suggests that returns of adult steelhead to the Lenhi Basin m ght
be reduced by as much as 90 percent. This is caused by del ays of
downstream mgrating snolts at screened irrigation diversions
along the Lemhi River (Bjornn, pers. comm). Gven this reduction
i n downstream m grant success and subsequent adult returns, the
anticipated SAR for ldaho's steel head (5.19 percent) was reduced

by 75 percent (to 1.30 percent). It was then applied to Lemhi
Basin steel head to account for the effects of downstream m grant
del ays taking place at irrigation diversions. The 75-percent

reduction of the SAR is a generous assunption in the steel head
production nodel.

The analysis presented here indicates that sustained natural

production of steelhead in the Lemhi Basin is not possible under
current conditions, or the enhanced conditions of Options A
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t hrough D. In recent years, |DFG has supplenented the annual run
with the rel ease of |large nunbers of excess hatchery spawners.
The SAR required for run maintenance (estinmated at 2.94 percent)
has not been realized for many years and is not expected in the
future, either under prevailing conditions or the proposed
enhancenent options, assum ng Managenent Alternatives Nos. 1 or 2
are inplenented. For the purposes of this benefits analysis, it
Is assuned that the IDFGwill continue to rel ease an average of
2,000 surplus hatchery spawners (1982-1984 average) of two females
per male into the Lemhi Basin to maintain the run of steel head
returning to the river each year

Table 5.11 gives estimates of the annual natural adult return and
al | owabl e harvest of summer steelhead in the Lenmhi Basin, with and
wi t hout annual supplenentation of hatchery spawners, for current
and enhanced conditions.

The nunbers in Table 5.11 assune:
o A 75-percent reduction in SAR from5.19 to 1.30 due to

the effects of screened irrigation diversions on
downstream mgrants in the Lenmhi River.

o Rearing habitat is fully seeded.

o The spawning run (with supplenentation) is at full
strength.

o No i mprovenent in downstream passage conditions as a

consequence of habitat enhancenent.

o The annual SAR is constant.
o Al'l upstream passage problens have theoretically been
sol ved.
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Smol ts
Produced
. at Ful |
_Ootion  seeding
Current 87,735
Condi ti ons
A 87,735
B 89, 260
C 87,735
D 89, 260

TABLE 5. 11

STEELHEAD RETURNS AND HARVESTABLE ADULTS
FOR FI SHERI ES MANAGEMENT ALTERNATIVES NOS. 1 AND 2

. Annual Annual Annual
Ret ur ni ng Harvest abl e Har vest abl e Harvest in
Adul ts Nat ur al Surﬁl us Surplus with Excess of
per Adul t W thout Hatchery Qut pl antings of Current
Smolt* Ret urn Suppl enent s 2, 000 Spawner s Condi ti ons

1.30% 1,141 g 641 g
1.30% 1,141 g 641 g
1.30% 1, 160 g 615 - 26
1.30% 1,141 g 641 g
1.30% 1,160 g 615 - 26

* Assumes no benefit to downstream migrant snolts as a consequence of enhancenent.



o The fishery responds instantaneously to harvest fish in
excess of those necessary to fully seed available
rearing habitat.

o Only fish in excess of those necessary to fully seed
avai |l abl e habitat are harvested.

The allowable harvests given in Table 5.11 indicate that there
will be no surplus of spawners for harvest unless the spawning
run i s supplenented each year with excess hatchery spawners. The
figures assume that naturally-returning adult steelhead are those
harvested while all planted hatchery spawners are allowed to
escape. This nmeans the natural stock is being continually
replaced with hatchery fish under the hatchery suppl enentation
scenari o. This may not be a good situation biologically, but it
allows the greatest harvest of adult steelhead, and thus the
greatest benefit to the fishery in the short term

Wien flow is added to the |ower Lenmhi River under Options B and D
the allowable harvest is reduced. This occurs because the natura
run is not replacing itself. These options use nore of the
natural ly-returning adults to fully seed avail able habitat than
those project options not increasing stream flow in the Lemhi
Ri ver.

Table 5.12 presents a sinple nodel of the effect of poor upstream
passage conditions for fish in the Lemhi River under prevailing
and proposed conditions. The nodel presented is based upon the
sane assunptions as those used to develop the fish nunbers
presented in Table 5.11, with the exception that upstream passage
Is assumed to reduce adult escapenents, and thus reduce the

al | onabl e harvest of fish during certain years. Table 5.12
presents | osses of adults attenpting to return to the spawni ng
grounds, and consequent reductions in the allowable harvest. The

| osses presented in Table 5.12 would not occur annually, but at
the frequencies of |low flows discussed in Chapter 3.
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TABLE 5.12

EFFECT OF PASSAGE CONDI Tl ONS

Predi cted Reductionin
Fr equency Har vest abl e Harvest Har vest abl e
Hypot hesi zed Reduction of Poor Adul t s Wth Wilts with
in Spawner Success Passage Nat ur al Wi t hout Pl ant s Plants of
Due to Poor Upstrean Condi tions Return of Hat chery of 2,000 2,000
Qpt i on Passage Conditions (W (Yrs/Yrs) Adul ts Plants Spawner s Spawner s
Current 10 585 56
Condi tions 25 2/ 9 1,141 2 474 167
50 141 500
10 585 56
A 25 17 1,141 g 474 167
50 141 500
10 554 61
B 25 [/13 1, 160 g 433 182
50 70 545
10 585 56
C 25 1/7 1,141 g 474 167
50 141 500
10 554 61
D 25 [/13 1, 160 [ 433 182
50 70 545



Tables 5.11 and 5.12 were used in concert to estimate the benefits
of inproved fish passage and rearing conditions, wth downstream
mgration inpairment, under each of the enhancenment options. The
estimates were nade in the sanme fashion as those for spring
chi nook using Tables 5.5 and 5. 6.

Managenent Alternative Nos. 3 and 4

These two fisheries managenent alternatives include a 75 percent
basi n-wi de i nprovenent to the fish screening and bypass facilities
on the Lemhi R ver. Table 5.13 and 5.14 present the increased
sunmer steel head harvests derived frominplenentation of each of
t he enhancenent options in the presence of inproved downstream
mgration conditions. Results depend on |IDFG continuing to
rel ease 2,000 surplus hatchery spawners in the Lenmhi River each
year. The two tables are analogous to Tables 5.11 and 5.12
present ed previously. Fi shery benefits projected for each of the
four options are:

Options A, C - +13.25 adults harvested/yr (yrs 3-50)
Options B, D - +43.11 adults harvested/yr (yrs 3-50)

These changes in annual harvest were determned in the sane way as
those for chinook sal non.

ECONOM C_BENEFI TS

The econom c benefits of inplenenting each of the enhancenent
options were conputed using standard econom c anal ysis techni ques.
It is enphasized that benefit/cost anal yses are only one too
available to decision nmkers in evaluating the nerits of a
proposed project. The inplenentation of nmeasures to mtigate,
restore, or enhance the Col unbia Basin anadromous fishery does not
require a favorable benefit/cost determination (P.L. 96-501).
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TABLE 5.13

ANNUAL STEELHEAD HARVEST DURI NG FAVORABLE ADULT PASSAGE CONDI TI ONS

SAR i f Current

Snol ts Downstream M gration | ncr eased
Produced Conditions in the Annual Annual
at Ful | Lenhi River are Adul t Adul t Fish Har vest Due
Qption Seedi ng | nproved 75 Percent Return Har vest ed to Project
No Proj ect 87,735 4. 22% 3702 1119 g
A C 87, 735 4. 22% 3702 1119 g
B, D 89, 260 4.22% 3767 1139 20

Note:  The figures given here assune an annual planting of 2,000 surplus hatchery spawners
and a 75 percent inprovement of downstream passage conditions in the Lenhi River.
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TABLE 5.14

REDUCTI ON | N ANNUAL STEELHEAD HARVEST WHEN UNFAVORABLE
ADULT PASSAGE CONDI TI ONS DEVELCP

Hypothesized
Reduction
I n Spawner Reduct i on
Success Pr edi ct ed Adul ts Harvest wi th In Harvest
Due to Poor Frequency of Required to P ants of with Plants
Unst r eam Poor.PPa sage Fully Seed Nat ur al 2,000 Surplus of 2,000
Passage Condi ti ons Avai [abl e Ret ur n Hat chery Hat chery

Qotion condi t r'ons (Yrs/Yrs) Rearing Area  of Adults Spawner s Spawners

No Proj ect 25% 219 2583 3702 3035 167
A C 25% [/7 2583 3702 3035 167
B, D 25% 1113 2628 3767 3040 182
Not e: The figures ginen here assume an annual planting of 2,000 surplus hatchery spawners

and a /5 percent inprovenent of downstream passage conditions in the Lemhi River.



However, the goal of achieving sound biol ogical objectives at
m ni mum econom ¢ cost is recognized by that |egislation.

The anal ysis of econom c benefits for inplenenting the options
anal yzed for inproving anadronmous fish production in the Lenhi
River Basin is based on the projected increase in anadronous fish

harvest each option would produce. Al'l of the various options
anal yzed woul d inprove upstream mgration conditions for adult
spawners in certain years. Two of the four options, B and D,

woul d increase available juvenile rearing habitat in all years.
Based upon stream flow availability, the effects on harvestable
adult fish due to Options A and C are identical, and the effects
of Options B and D are identical (Table 5.1). Therefore, the
anal ysis of econom c benefits of inplementation considers A and C
together, and B and D toget her

The benefits of anadronmous fish enhancenment projects are neasured
by the nunber of adult fish available to the conbined sport and
commercial fishery, and to the values attributed to harvested
fish. The nunbers of fish available to the conbined fishery
(i ncrease in harvestable surplus) were previously given for each
set of options devel oped.

The econom ¢ val ues ascribed by economsts to fish taken in
various conmponents of the conbined fishery vary w dely, depending
on avail able data and the sets of assunptions enpl oyed. In the
case of wupriver anadronmous fish stocks, the goal of the Northwest
Power Pl anning Council's Fish and Wldlife Programis to restore
production |evels. This suggests that conpensatory val ues be
used. The Econom ¢ and Environnmental Principals and Cuidelines
for Water and Related Land Resources |Inplementation Studies
acknow edges the lack of reliable enpirical nmethods for evaluating
the willingness to accept conpensation for |losses. That docunent
i ndi cates enhancenent val ues be used for both | osses and gains.
Val ues based on willingness to pay (enhancenent values) and
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willingness to sell (conpensatory values), attributed by various
econonm sts to ldaho steel head trout and chinook sal mon, were
reviewed by MKern (pers. coom) and di scussed by the USACE
(1985). Enhancenent val ues are used for sport-caught fish and
conpensation values are used for conmercially-caught fish in this
analysis. Values for each stock, each segment of the fishery, and
the conbined values (adjusted for inflation) are tabulated bel ow

St ock $/Fish % of Catch Conbined $
Spring chinook (sport) 125. 00 57 89. 36
Spring chinook (conmmrercial) 42.12 43
Sumer steel head (sport) 75.00 82 65. 43
Summer steelhead (comercial) 21.81 18

The discount rate used in this analysis is three percent. This is
the risk-free rate of tine preference specified by the Bonneville
Power Adm nistration for use in anal yses such as this. Reasons
for this rate include, amng others, the balance of risk or
uncertainty associated with various conmponents of the analysis,

and the level of institutional and public concern for the future
of anadronous fish runs in the region. The project life is set at

50 years.

The economc analysis of benefits for inplementing Qptions A-D is
relatively straight forward for any effects which are continuous
after inplenentation, or change at a constant rate over time. The
I ncrease in available rearing habitat for juvenile sal non and
steel head projected by Options B and Dis such an effect.

However, relief frominpaired upstream passage of adult fish is
not such an effect. Instead, the effect of inplenenting various
options is to increase the size of the recurrence interval

(decrease the probability of occurrence) for upstream passage
| mpai rment . In this case, the nonetary benefits of inplenenting
an option must be adjusted according to the probability of
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occurrence of adult passage inpairnent due to flow  Probabilities
of the occurrence of upstream adult mgration inpairnent
associated with present conditions, and with each of the options
eval uated are:

Exi sting Conditions P= 0.222
Options A C P= 0.143
Options B, D P= 0.0769

The benefits of inplenenting various options arise primarily from
t he avoi dance of upstream passage inpairnment. \Wenever this event

occurs, the fishery nust forego the harvest of those fish needed

to ensure sSufficient seeding of the Lenmhi Basin in spite of
passage problens. To the extent that passage problens are
avoi ded, the conbined fishery can realize its normal harvest. The

benefit is in terns of an avoi ded cost.

The cost of each occurrence of upstream passage inpairnment is the
product of the nunmber of fish which could have been harvested,

under uninpaired passage conditions, and the conbi ned val ue per
fish for that stock. This product is terned the occurrence cost.

The product of the occurrence cost and the probability of

occurrence is the expected annual cost of passage inpairnent. The
present worth of passage inpairnment over the project lifetinme is
determ ned by calculating the present worth of the expected annual

cost of passage inpairnent over that tinme period as a uniform
annual series. Naturally, these values are negative and represent
econom ¢ |osses. The economc benefit of inplenmentating an option
is the difference between the present value of passage inpairnent
(loss) under existing conditions, and the value projected for
conditions follow ng inplenmentation.

Table 5.15 summari zes the econom c benefits of inplenenting the

four options over a project lifetine of 50 years. Benefits are
cal cul ated separately for sumrer steel head and spring chinook
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SUMVARY OF ECONOM C BENEFI TS

TABLE 5. 15

BENEFI T ($)

ALTERNATI VE/ OPTI ON Chi nook St eel head Tot al
Managenment Alternative N. 1

A C 11, 044 22,313 33, 357

B, D 19, 737 4,863) 14,874
Managenent Alternative No. 2

A C 20, 437 22,313 42,750

B D 37,417 4,863) 32,554
Managenent Alternative No. 3

A C 74,493 20, 352 94, 845

B, D 170,513 64,541 235, 054
Managenent Alternative N. 4

A C 189, 447 20, 352 209, 799

B, D 584, 244 64,541 648, 785



sal non. The negative benefit for steel head, wth Mnagenent
Alternatives Nos. 1 and 2, represents the loss to the fishery of
26 fish annually needed to escape harvest and seed the extra
habi tat provided by Options B and D. This occurs only because the
run is supplenmented with a fixed nunber of hatchery spawners
(i.e., 2,000). If the run was supplenented with 2,026 hatchery
spawners, or self-sustaining with even a small harvestable
surplus, the negative benefit woul d di sappear as w th Managenent
Al ternatives Nos. 3 and 4.

This analysis of project benefits assunes inproved passage
conditions both upstream and downstream throughout the Col unbia
and Snake River systens. It reflects the ains of the Northwest
Power Planning Council's Fish and WIldlife Program and the
proposed | ong-term sal non and steel head producti on and harvest
goals of the State of |daho. Thus, the cal cul ated benefits of
i npl ementing project options are contingent on the inprovenent of
mai nstem passage conditions and, in the case of Managenent
Al ternatives Nos. 3 and 4, inproving downstream mi grant success at
irrigation diversion screens and bypasses on the Lemhi R ver.

Anal yses of project benefits derived from Managenment Alternatives
Nos. 3 and 4 are particularly inportant. They show the benefici al
effect that inproved downstream passage conditions at irrigation
screening facilities in the Lemhi River will have on the run of
anadronous fish. By assumng a 75 percent reduction in the |osses
and delays at screening facilities, sone of the projected project
benefits becone substantial, particularly for Qotions B and D
where the fish are managed for the maxi mum natural run.

O her factors regarding the Lemhi R ver and the future of its
anadronous fish stocks need to be considered. | DFG has recently
i ndicated it nmay manage the Lenmhi River fish runs as hatchery-
suppl emented runs on a continuing basis, rather than on the
short-term basis assunmed in Management Alternative No.
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(Hol ubetz, pers. comm, January 1986). Specifically, the juvenile
popul ati on of chinook sal non woul d be suppl enented with hatchery
fingerlings or fry to achieve full seeding whenever adult
escapenent is below that necessary for full natural seeding. In
addition, 550,00 chinook snolts would be outplanted to the upper
wat er shed each year to inprint then mgrate. The adult fishery
woul d be targeted on hatchery fish, not naturally-reproduced fish.
The harvest rate is expected to range between 5 and 20 percent of
the adults returning as far as the nouth of the Lenmhi R ver, wth
other river and ocean harvests added in. This managenent scenario
could result in a consistent over-harvest of naturally reproducing
adults, but the commtnent by IDFG to seed the Lemhi River with
hatchery fry or fingerlings is intended to keep adult returns high
enough for a significant harvestable surplus.

Such a managenent program woul d have significant inplications for
t he enhancenent options evaluated by OIT. The conmtnent to seed
with hatchery fry or fingerlings and the outplanting of 550,000
snolts per year would elimnate the necessity for correction of
upstream mgration inpairnent. Downstream m gration problens are
to be addressed by NVFS. The only benefit to the Lemhi River
sal non and steel head stocks from the enhancenent options woul d be
I ncreased rearing habitat provided by Options B and D These
benefits would be nmarginal in the face of the proposed snolt
out pl anting program Thus, if IDFG inplenments the full-scale
hat chery suppl enentation program as described, then the options
evaluated by OIT should be considered alternatives to the
suppl enent ati on program not an adjunct to it.
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CHAPTER 6

BENEFI T/ COST ANALYSI S

The objective of a benefit/cost analysis is to determ ne the
economc nerits of a project. Wien the benefits and costs of the
project are determned on a consistent present worth basis, and
the benefits are greater than the costs (a B/C ratio greater than
1.01, the project is considered "in the public interest" and
therefore economcally justified. It is inportant to enphasize
that a BfC ratio greater than 1.0 is not required for inplenen-
tation of Fish and WIldlife Program projects, such as the Lenhi
River Habitat |nprovenent Program

BENEFI TS

Benefits of inplenenting any of the four enhancenent options are
assuned to result from harvests of adult sal mon and steel head that
woul d have been lost under existing conditions in the Lemhi. It
is estimated that low flows in the Lenmhi cause a |oss of
harvestable fish at a recurrence interval of two in nine years
under existing conditions. Inplenmentation of Qptions A or C would
increase this recurrence interval to one in seven years, and
i npl ementation of Options B or D would increase it to one in
thirteen years. Benefits of the four options are the difference
bet ween harvest | ost under existing conditions, and harvest | ost
under the various options.

CHI NOCK

Four fisheries managenent alternatives are presented in Chapter 5
for chinook sal non. The first alternatve involves no harvest of
fish until the run has fully seeded the available habitat, in
approxi mately 46 years. Then benefits begin to accrue as
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di scussed above. The second al ternative involves a harvest of
112 fish per year and the naintenance of a snall but stable run of
330 fish. Alternatives 1 and 2 do not require inprovenents to the
irrigation diversion screens or bypasses from prevailing
condi tions. The third alternative is identical to the first
except that the screens and bypasses are inproved. The fourth
alternative incorporates the third alternative plus supplenents
juvenile fish production to imediately restore the fish runs to
their maxi mum capacity. These four alternatives will result in a
different B/C ratio for each. Chinook benefits resulting fromthe
proposed options are presented in Chapter 5.

STEELHEAD

Proj ect benefits derived from steel head are based on a | oss of
harvestabl e fish due to upstream passage conditions. Unl i ke
chinook, only one managenent programis considered. It is assuned
that IDFGwill continue to stock 2,000 surplus hatchery spawners
annual ly in the Lemhi. The benefit of this program under the four
enhancenent options are eval uat ed. St eel head benefits and the
harvest scenario are presented in Chapter 5.

COSTS
The cost of inplenenting the four options was determ ned, and
costs were separated into capital and annual costs and are

presented in Table 6. 1.

PRESENT WORTH ANALYSI S

In Chapter 5, the present worth of benefits for chinook and
steel head were determ ned assum ng a three percent discount rate
and a SO year project life. The sanme assunptions are used to
calculate the present worth of annual costs for the four options.
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TABLE 6.1

CAPI TAL AND ANNUAL COSTS FOR OPTIONS A, B, C, AND D

OPTI ON

o O w

CAPI%iE CosT

($)
ANNUAL COST

1, 386, 000
1, 734, 000
4,219, 000

4,567, 000

11, 300
11, 300
42,900

42,900



Table 6.2 presents the capital costs, present worth of annual
costs, and present worth of benefits for the four options for each
of the four fisheries managenent alternatives.

BENEFI T/ COST RATI OS

In Table 6.2 the total cost of the four options and the present
worth of benefits are given in colums 5 and 6, respectively. The
B/C ratios for the various options, under the four fisheries
managenent alternatives, are conmputed by dividing the value in
colum 6 by the value in colum 5. The results are presented in
Tabl e 6. 3.
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TABLE 6.2

COSTS AND BENEFI TS OF THE FOUR ENHANCEMENT OPTI ONS

FI SHERI ES PRESNET WORTH PRESENT WRTH
MANAGEMENT CAPI TAL COST ~ OF ANNUAL COSTS ~ TOTAL COsT OF BENEFI TS
ATERNANIVE  CPTTON ($) ($) (9) ($)
1 A 1, 386, 000 290, 700 1,677,000 33,400
B 1,734,000 290, 700 2,025, 000 14,900
C 4,219, 000 1,104, 000 5,323,000 33,400
D 4,567, 000 1,104, 000 5,671,000 14,900
2 A 1, 386, 000 290, 700 1,677,000 42, 800
B 1,734,000 290, 700 2,025,000 32,600
C 4,219, 000 1,104, 000 5,323,000 42, 800
D 4,567,000 1,104, 000 5,671,000 32,600
3 A 1, 386, 000 290, 700 1,677,000 94,800
B 1,734,000 290, 700 2,025,000 235, 100
C 4,219, 000 1,104, 700 5,323,000 94, 800
D 4,567,000 1,104, 000 5,671, 000 235, 100
4 A 1, 386, 000 290, 700 1,677,000 209, 800
B 1,734,000 290, 700 2,025,000 648, 800
C 4,219, 000 1,104, 700 5,323,000 209, 800
D 4,567,000 1,104, 000 5,671,000 648, 800
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TABLE 6.3

BENEFI T/ COST RATI OS FOR THE FOUR OPTI ONS

FI SHERI ES
MANAGEMENT
ALTERNATI VE CPTI ON B/ C

1 . 020
. 007
. 006
. 003

. 026
. 016
008
. 006

056
. 116
028
. 041

. 125
. 320
. 039
114

w
OOwm> UOwr gOwrx O wmr
OO000O OO0 OO0 0000
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CHAPTER 7

RESULTS AND CONCLUSI ONS

The Lenhi River Habitat Inprovement Study has focused on
identifying and analyzing solutions to fish passage problens in
the Lenmhi River. The Study followed a process of identifying
alternative solutions, performng data collection and background
anal yses, evaluating alternatives, and devel opi ng and assessing
I npl enentation options.

EVALUATI ON_OF ALTERNATI VES

A task report, which described the nine enhancenment alterna-
tives, was produced for the BPA and participating agencies. A
meeting was held on Septenber 11, 1985 between representatives
fromthe BPA, |IDFG OIT, and Buell & Associates Inc., to discuss
t he nine enhancenent alternatives presented in the task report.
OIT was directed to focus on alternatives to inprove upstream
passage, Since an existing program sponsored by NMFS i s addressing
downstream passage problens. Table 7.1 presents an eval uati on of
t he ni ne enhancenent alternatives. The table includes agency
coments and results of analyses performed as part of the Study.

Eval uati on of the enhancenent alternatives lead to the elimnation
of all alternatives except flow concentration and water w thdrawal
reduction by inproved flood irrigation and sprinkler irrigation.
These alternatives were devel oped into the four options discussed
in Chapter 5. Each option was evaluated in conjunction with four
fisheries nmanagenent alternatives.

EVALUATI ON OF OPTI ONS

Options A and C woul d i nprove upstream passage conditions in the
| oner Lemhi R ver by providing passage around critical diversions
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ALTERNATI VE

TABLE 7.1

EVALUAT | ON OF ALTERNATI VES

DESCRI PTI ON

1. Flow Concentration

2. Fish Screen
| mpr ovement

3. G oundwat er
Augnent at i on

4. Goundwa ter
[rrigation

Construct pernmanent diversions

and the channelize riverbed at

critical

Inprove fish screen

| [ ) | ) systens
Irrigation di ver si ons.

Punp groundwater to directly
augrent flow in the River.

Repl ace partial or entire
surface water irrigation wth-
drawal s with groundwater.

and probl em | ocations.

at

EVALUATI ON

The nost frequent and severe bl ockage
occurs at diversions L-5, L-6, and L-7,

and shoul d be considered for replacenent.
Channelization is vital in solving
upstream passaqge problenms, and shoul d be
i ncl uded.

NVFS funds a programto maintain and im

prove screens and bi:/)pass_es, no further
consi deration should be given to this
alternative. However, it is recomrended

that | DFG accel erate drum screen repl ace-
nents and conduct prototype experinents
to test various screen/bypass syst ems.

Lack of information on the aquiter and
the potential |low yield of wel Is nmake
t hi s unf easabl e.

Unfavorabl e because of the estimated |ow well
yields, interference, and cost. Not
econom cally feasible for irrigators.



ALTERNATI VE

TABLE 7.1
(conti nued)

DESCRI PTI ON

EVALUATI ON

(S}

Water Wt hdr anal
Reducti on

Return Fl ow
| mpr ovenent

Spri nkl er
[rrigation

St orage

Trap and Haul

Purchase partial surface water
rights fromirrigators in ex-
change for nore efficient flood
irrigation, or else directly
pur chase | and.

I ncrease drainage fromirri-
gated fields, drain marsh
areas, and perched water

t abl es.

Repl ace inefficient flood irri-
gation W th sprinkler systens
using surface water.

Construct a storage reservoir
on Hayden Creek.

Construct trap and haul facili-
ties for upstream adult and
downstream juvenile mgration

Marginally feasible to irrigators based
on general analysis. 12.7 cfs fromL-6
to the nouth could be conserved if 60% of

land irrigated by L-6 and L-7 were in-

cluded in the program Unl ess the bene-

fits of converting land to wildlife habi-

tat or recreational area are significant,
the option of directly purchasing |and
and not reselling it appears expensive.

Lack of data make this alternative
difficult to evaluate. Maj or probl ens
with interrupting groundwater returns
and degrading water quality in the
river.

Favorabl e for conserving surface water.
Considered only for the lower Lemh |
reaches. 20.9 cf s could be conserved if
60% of the land irrigated by L-6 and L-7
were placed under sprinkler irrigation

H gh capital cost makes this alternative
unf easi bl e.

An upstream trapping operation s in

ICf:!o"’lcsel gié’rr tlﬁ?'.vsf 1’;10\\'/Vi %\%?res'allt%ﬁ%gtofe\?enoaue to
hi gh operating costs.



and through shall ow areas by nmeans of an excavated channel. Thi's
is estimated to increase the recurrence interval of adult
inmpairment fromtwo in nine years to one in seven years. Thi s
woul d result in a benefit of between approximately $33, 000 and
$210,000 (present worth of benefits over 50 years) to the chinook
and steel head stocks of the Lemhi depending on the fisheries
managenent alternative select. The total cost for inplenenting
Options A and C, including the present worth of annual costs, is
$1.7 mllion for Option A and $5.3 mllion for Option C

Options B and D woul d inprove upstream passage conditions simlar
to A and C, however, an additional flow of approximately 21 cfs
woul d be available in the | ower reach of the River. This is
estimated to increase the recurrence interval of adult inpairnent
fromtwo in nine years to one in thirteen years. The additiona
flow woul d increase snolt production for chinook sal mon by roughly
22,000 smolts. Inplenmentation of Options B or Dwuld result in a
benefit of between approximately $25,000 and $649, 000 (present
worth of benefits over 50 years) to the chinook and steel head
stocks of the Lenhi depending on the fisheries nmanagenent
alternative selected. Total costs for Options B and D are
approxinmately $2.0 mllion and $5.7 mllion, respectively.

The benefit/cost ratios of the four options and managenent
alternatives range from 0.003 to 0.320. The greatest ratio is for
Option B, coupled with screen inprovenents and suppl enentation of
juvenile chinook sufficient to fully seed available rearing
habi t at . Details of the benefits analysis and the benefit/cost
analysis are given in Chapters 5 and 6.

CONCLUSI ONS

The benefit analysis suggests that the project is not economcally
attractive. A fundanentally different approach in determ ning
benefits may be possible, and it nmay show the project to be
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economcally attractive. An aesethic or cultural value could be
pl aced on adult salnon and steel head returning to the Lemhi R ver
that are not harvested. The anal ysis presented in Chapter 5
considers only benefits from harvestable adults that would be | ost
under existing conditions.

The anal ysis of project benefits shows the beneficial effect that
| mproved downstream passage conditions at irrigation screening
facilities in the Lenhi Rver will have on its run of anadronous
fish. By assuming a 75-percent reduction in the hypothetical
| osses and del ays at screening facilities, sonme of the projected
benefits becone substantial, particularly Options B and D where
the fish are managed for a maximum natural run

The success of augnenting streamflow by purchasing water rights
and inproving irrigation efficiency will depend on the nmagnitude

of benefits realized by participating irrigators. The i ncone
received fromthe sale of a portion of an irrigators water right
must be greater than the cost of |and inprovenents, equi pnent,

and operation and naintenance.

RECOMVENDATI ONS

The results of this Study as reflected in the benefits and costs
of the four enhancenent options and the four fisheries nanagenent
alternatives evaluated, indicate that a conbination of Qptions B

and Managenent Alternative 4 will result in the greatest B/C
ratio attainable. OIT recomends this conbination  which
I ncl udes:

o Permanent diversion and |evee construction at L-5, L-6,

and L-7; riverbed channelization at L-5, L-6, L-7, SPS,
SPS2, and SPS3.
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o Fl ow augnentation through partial water rights purchase
and increased water application efficiency through
improved flood irrigation practices or installation of
sprinkler systens.

o A 75 percent basin-wide inprovenent in downstream
mgrant passage conditions at screened irrigation
di versions exists over prevailing conditions at the tine
the project is inplenented.

o Chi nook supplenentation to fully seed juvenile rearing
habitat is inplenented for the first chinook return
cycle only.

o Harvest is delayed until the first chinook return cycle
I's conpl et ed.

o IDFG annually stocks about 2,000 surplus hatchery

st eel head spawners in the Lemhi River

The benefits accured fromthis option and nmanagenent alternative
derive primarily from

o Reduced frequency of lowflow conditions inpairing fish
passage.

o Enhanced production due to increased chinook rearing
habi t at .

o | mredi ate run building to chinook habitat capacity thus

allowing the benefits of harvest to be accrued over a
| onger tine period.

The success of this recommended option is largely dependent on
havi ng i nprovenents to the screened irrigation diversions in place
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at the time the project is inplenented. It is easy to see that
the benefits fromthe four options are significantly inproved if
the screen inprovenents are made prior to project inplenentation

Wthout screen inprovenents the potential project benefits are
largely |ost. In OIT's view, the Study results strongly suggest
that screen inprovenents be conpleted prior to selecting and
I mpl enent i ng any enhancenent option or fish managenent
al ternative. OIT reconmmends that serious consideration be given
to conpleting diversion screen and bypass, after having conpleted
t he recommended bypass prototype testing described in Chapter 4,
I nprovenents as a prerequiste to inplenenting an enhancenent
option or managenent strategy.

OIT recogni zes that the success of fisheries nmanagenent in the
Lemhi R ver depends, in part, on conditions outside of Lenhi,
(e.g., Colunbia and Snake Rivers). The Fi sheries Managenent
Al ternatives eval uat ed wer e relatively sinpl e managenent
strategi es. The conplex and conplicating issues of a m xed stock
fishery and the attainability of target 1995 SARs were not
exam ned. OIT recommends that after |IDFG selects the fishery
managenent strategy it intends to pursue for the Lenmhi River, that
a nore detailed nodel of production and harvest be devel oped prior
to project inplenentation. Such a nodel should allow the fine
tuning of expected fisheries benefits and will be useful in
designing and inplenenting a successful enhancenent program for
the Lemhi River
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APPENDI X A

LEMH R VER DI VERSI ON AND FLOW
MEASUREMENT LOCATI ONS



TABLE A.!

LEMHT RIVER D!VERSIONS AND HEASUREMENT LOCATIONS

DIVERSION
OR TRIBUTARY TRIBUTARY OR LOCATION KATER RIGHTS
RIVER DIVERSION - RENARKS AND
LTR NUM BILE NANE oly SeC 7 & FLOW  PRIGRITY LOCATION COBES
0.00 LENHI R. MOUTH SE-St 32 2 22t LEMHT RIVER MOUTH
L 1 0.90 NE-S¥ 5 21K 22 3.30 1932.00
1.20 Loct
L 2 1.80 Ni-N¥ 9 21N 22 1.06 1961.00
L 28 2.10 NE-NW 9 2IN 22C 1.57 1889.00
TRIB 2.60 KIRTLEY CREEK SE-KW 9 Z2IN 22 Loc3
L2 3.00 NE-SH 10 21N 22 1.04 . 1963.00
L 3 3.30 NE-SH 10 2IN 22E 14.15 1906.00
L 38 4.00 Se-SE 10 2IN 22t 2.03 1951.00
4.70 LOC2
5.45 LKl
L A 5.50 SE-NE 14 2IN 22E 3.99 1869.00
L 4 5.10 NE-SE 14 2IN 22t 4.17 1878.00
1.01 Locs
7.14 Loc1
L 5 1.20 SE-SE 24 21N 22 5.18 1894.00 CRITICAL DIVERSION
1.33 LOC4 & LN2
L 6 7.40 TOWN DITCH S-St 24 ZiN 2%t 41.80 1869.00 CRITICAL DIVERSION
1.42 Locs
TR1B 8.10 GEERTSON CREEK RE-S¥ 30 ZiN 23t
L 1 8.30 HE-S¥ 30 ZIv 23 28.04 1869.00 CRITICAL DIVERSION
L 1A 8.37 HE-SH 30 ZiN 23t 3.52 1689.00
L 8 8.60 Rd-SE 30 2R 23t 1.99 1961.00
8.90 LH3
9.20 Loc9
L BA 16.50 Kd-N¥ 33 ZiN 23t 26.07 18718.00
L9 10.52 We-HE 33 2IN 23 20.79 1909.00
TRiB 10.54 BOHANNON CREEK Wu-wy 33 2iN 23t
i 10 11.39 MY-SE 33 21K 23E 271.16 1880.¢00
L i 12.06 S¥-S¥ M ZIN 23t 5.76 1880.00
TR18 12.20 WIHPEY CREEK NE-N¥ 3 20N 23t
L 12 12.40 KE-NW 3 ZON 23t 4.16 1880.00
TRIB 12.50 PRATY & SANDY CKS NE-NW 3 20N 23t
{ 13 12.80 SE-RW 3 20N 23t 12.72 1880.00
RI8 12.82 WITHINGTON CREEK  St-M¥ 3 20K 23C
i 14 13.10 KE-SW 3 20N 23t 2.28 1902.00 LOCIO
t 15 13.90 SH-HE 10 20N 23t 6.81 1871.00
1 16 14.40 SH-S¥ 11 208 23t 8.62 1812.00
i 1 14.70 Nd-HH 14 20N 23t 6.70 1872.00
L 18 15.20 SH-NE 14 20N 23 0.99 1899.00

18A 15.21 GH-HE 14 20N 23t 0.32 1892.00

e



TABLE A1

LEMH! RIVER DIVERSICNS AND MEASUREKIRT LOCATIONS

DIVERSION
OR TRIBUTARY TRIBUTARY OR LOCATION WATER RIGHTS

RIVER DIVERSION REMARKS AND
LTR NN MILE NANE piy  SEC 1 R FLOW PRIORITY LOCATION CODES
L 19 15.70 SE-SE 14 208 23t 1.30 1961.00
L 194 16.60 NE-SW 24 20N 23t 1,17 1963.00

16.65 LoCH
L 20 16.70 NW-SE 24 20N 23t Ti.04 1888.00 CRITICAL DIVERSION
L 21 17.10 NW-NE 25 20N 23t 5.14 1892.09
L 22 17.40 SE-NE 25 20N 23t 29.61 1889.00
L 22A 17.42 SE-NE 25 20N 23t §.87 1888.00
TRIB 17.88 KENNEY CREEK NE-SW 30 20N 24E
L 23 17.90 NE-SW 30 20N 24t 2.1 196160

18.30 Locis
t 24 19.10 SW-St 31 20N 24t (.48 1961.400
L 25 19.30 6 19N 24t 4.90 1909.00
L 26 19.60 SN-NE v 19N 24t 2.87 1881.00
L 21 20.60 SE-NE T 19N 24t 2.6 1899.40¢
L 28 21.20 SK-SW 8 9N 24t 12.35 1888.0¢C
L 29 21.50 NW-NW 1] 9N 24t 9.07 18871.0¢
TRIB 21.80 PATTEE CREEK SE-NW i1 9N 24E

22.10 L0Cie
L 30 22.80 NW-NW 20 19N 24E 25.07 1886.46
TRIB 23.00 AGENCY CREEK SE-NE 20 19N 24E
L 30A 23.70 SE-SW 20 I9N 24t 0.87 1961.00
L 318 24,170 SE-SW 29 19N 24t i.48 1961.00
TRIB 24.90 MCDEVITT CREEX NE-NW 32 19N 24t

25.00 10015
L i 24.10 SE-NW 29 19N 24t .38 1908.0¢

25.60 LOClLe
L 1A 25.80 SH-SE 32 19N 24t 8.28 1873.00 CRITICAL DIVERSION
L 32 26.30 SE-NE 5 I8N 24t 1€.3%9 1914.00
L 13 26.30 SE-NE ¢ 18BN 24t 31.58 1895 00
L 34 26.50 NE-SE © 18N 24t G0l dni 26
L 35 27.00 SW-SW 4 IBN 24t AL B
L 35A 21.00 SW-SW o I8N 24t & P90l 0u
L 36 28.20 SW-SW i 4c ..c. 1912.00
L 37 28.20 SM-SK o BR 4t .46 1880.¢¢
L 38 28.20 NW-N¥ 16 18BN 24t 145 1875.90

28.50 Loct7
L 39 29.80 SE-NE 20 I8N 24t 1.36 1815.00

29.90 LOCI8
L 40 30.00 NN-SW 21 18N 24t 2.41 1815.00
TRIB 30.30 HAYDEN CREEK SW-S 21 18N 24t

L 4l 30.30 S¥-SW 71 I8N 24t 11.20 1914.00 CRITIC,. ‘t:vix(ION



TABLE ALY

LEMHT RIVER DIVERSIONS AND MEASUREMENT LOCATIONS

DIVERSION
OR TRIBUTARY TRIBUTARY OR LOCATION WATER RIGHTS
. RIVER DIVERSION REMARKS AND
LTR NUH MILE NANE iy SEC T R FLOW PRIORITY LOCATION CODES
L 42 30.50 NW-N¥ 28 (BN 24E 3.80 1875.00
L 42788 30.50 NW-NW 28 (8N 24t 40.00 1964.00
30.80 LOC20 & LN4
L 43 31.90 NR-N¥ 33 18N 24¢ 1.35 1961.00 PROBLEM DIVERSION
L 43A 31.9¢ NW-NW 33 I8N 24t 1.50 1961.00
L 438 32.20 SH-NY 3] 18N 24 1.10 1961.00
L 43C 32.50 NE-SW 33 i8N 24t 2.76 1875.00
33.50 Loc21
TRIB 33.60 YEARIAN CREEK NE-SW 4 [N 24K
L 44 33.70 NE-SW 4 1IN 24t .53 1911.00 PROBLEM DIVERSION
L 45 33.70 NE-SE 4 [N 24 2.09 1911.00
L 454 35.60 NE-SE 10 1IN 24t 2.63 1902.00
t 458 36.50 NE-NW 14 1IN 24t 1.00 1961.00
L 45¢C 36.90 SW-NE 14 17N 24t 1.75 1890.00
L 450 36.90 SH-NE 14 1IN 24t 8.16 1940.00 PROBLEM DIVERSION
37.18 L0C22
TR18 37.40 REESE CREEK NE-SE 14 YIN O 24E
L 46 31.70 SE-SE 14 1IN 24€ 9.68 1889.00
L 464 38.1¢ HE-KW 24 1IN 24E 1.90 1892.00
L 47 39.30 Ni-NE 25 1IN 24E 6.10 1886.00
t 43 39.50 NE-NE 25 1IN 24t 4,77 1887.00
39.5¢6 L0C23
t 49 39.50 NE-NE 25 1IN 24t 5.57 1885.00
! 50 41.40 SE-SW 29 1IN 25 2.60 1919.00
: 51 41.80 NH-NE 32 iTH 25E 1.57 1885.00
L 51A 42.2¢ SE-NE 32 1IN 25E 3.12 1885.00
L 52 43.30 NW-SE 33 1IN 25 5.40 1936.00
L 524 43.30 NW-SE 33 1IN 2SE 0.78 1961.00
L 54 43.60 S¥-SE 33 1IN 25E 2.48 1688.00
L 53 43.80 SE-SE 33 1IN 25€ 0.81 1888.00
! 51 44.10 SW-Nd 3 leN 25 .99 1888.00
L 58 44.10 SH-NN 3 16N 25E 2.22 1888.00
44.60 LNS
44,80 LH6
TR18 45.00 BIG FIGHTMILE CREEK SE-SE 3 16N 2SE
L 584 45.10 NE-NE 10 16N 25t 5.02 1908.00
L 588 45.90 Né-NE 11 16N 25E 4.70 1893.00
EAST CHANNEL
L 58¢C £7.10 NE-SW 12 16N 25 2.34 1895.00
L 99 41.10 S-St 12 16N 25t 2.11 1887.00
1

60 48.50 SE-NW 18 16N 26 2.04 1889.00



TABLE A.1

LEMHT RIVER DIVERSIONS AND MEASUREMENT LOCATIONS

DIVERSION

OR TRIBUTARY TRIBUTARY OR LOCATION WATER RIGHTS
RIVER DIVERSION REMARKS AND

LTR NUM HILE NANE DIv -SEC T R FLOW PRIORITY LOCATION CODES
48.75 LOC24 (SIDE CHANNEL)

L 6l 49.30 SE-SE 18 16N 26 4.13 1889.00 CRITICAL DIVERSION

L 6IA 50.40 SE-NW 20 16N 26E 0.61

L 62 51.30 NE-SE 20 16N 26E 5.29 1961.00

L 63 52.30 SE-SE 28 16N 26t 9.12 1918.00 PROBLEM DIVERSION
52.35 L0C25

WEST CHANNEL (BIG SPRINGS CREEK)
48.60 Loc21
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APPENDI X C

ANNOTATED BI BLI OGRAPHY



HYDROLOGY

Bureau of Reclamation. COctober 1939. 141 Aerial Photographs of
the Lemhi Basin. Scal e 1:20,000.

St erographi c_aerial photographs which may be useful to gain an
overvi ew of Basin topography and | ayout.

Bureau of Reclamation. 1940-194s.  Supporting Data for the
Lemhi Valley Water Conservation Projects: Leadore, Hawl ey,
rbyden, Yearian, and Agency Creek Projects. Departnment of the

nterior.

Cont ai ns supporting hydrol ogic and topographic data used in
Lenmhi Basin reports.

Bureau of Reclamation. ~ March 1940. ‘Advance Report on
Chal | i s- Lenhi - Pahsi neroi Valleys, Salnon R ver Investigations
| daho.  Department of the Interior.

Prelimnary study to determine the need for nore in-depth
studies on reservoir sites for irrigation and hydropower.
Provi des an overview of valley characteristics but no detail ed
hydrol ogi ¢ dat a.

Bureau of Reclanation. 1941.  Lower Lemhi Project Supporting
Data. Department of the Interior.

Data used to evaluate the feasibility of diverting water from
Salmon River via a canal, in order to irrigate the |ower Lemhi

Vall ey and to generate electricity. Hydrol ogic data for the
Sal ron and Lemhi R vers as well as for diversions near the
Town of Sal non.

Bur eau of Recl amati on. April 1941. Report on Lenmhi Valle
PLOjeCtS, Sal ron River Investigations, I|daho. Department o
the Interior.

Report el aborates on the general characteristics of the Lenhi
River Basin such as climate, soils, geology, flood control
drainage, and agricul ture. Details are also given on seven
possible solutions (reservoir |ocations) to the probl em of
dewatering due to irrigation diversions. Project benefits are
nmeasured In terns of replacing diverted water and increasing
crop yield.



Bureau of Reclamation. My 1942. Report on Lenhi Basin, |daho.
Department of the Interior.

This is an analysis made of simlar dam and canal projects in
the  Lenmhi Basin. Estimates and data are presented on
exi sting and storable flow

Bureau of Recl amati on. May 1944. Appendix fcr Report on Lenhi
River Basin, ldaho. Departnent of the Interior.

Contains supporting data used in developing a report on
reservoir site alternatives in the Basin, including hydrology,
survey notes, and design draw ngs. Hydrol ogic data are
particul arlv\% val uabl e because of stream fl ow neasurenents made
on creeks i ch have never been gaged by the USGS.

Bureau of Reclamation. May 1944. Report on Lemhi River Basin,
| daho. Departnent of the Interior.

Presents further  benefit/cost study on irrigation and
hydr opower sites for the Lemhi Valley.

Cheney, M B. 1970. CGeneral Soil Map and Interpretations for
Broad Resource Planning. U.S. Departnment of Agriculture, Soil
Conservation Service. Lemhi County, Idaho.

CGeneral soil characteristics, qualities, and interpretations
for both agricultural and nonfarm use. Also contains
descriptions of each soil series and limtations for various
types of construction such as streets, sewers, etc. Sone ASTM
conpressive and strength details presented.

Cochnauer, T. 1977. Federal Aid in Fish and Wldlife
Restoration. Job Performance Report: Stream Fl ow | nvesti ga-
tions. Project No. F-66-R-2, Job Nos. 2, 3, 10, 131, 16, 17.

Results of study on stream resource naintenance fl|lows for
various river systems in ldaho, including fish periodicity and
preference curves (spawning w dth versus discharge) for the
Lemhi R ver.

Decker, S.Q, Hamond, RE, L.C Kjelstromet al. 1970.
M scel | aneous Stream Fl ow Measurenents in |daho, 1894-1967.
U. S CGeol ogi cal Survey, Resources Division. Boi se, |daho.
1970.

A conpilation of stream discharges at miscellaneous sites and
peak discharges at partial record stations. This basic data
rel ease was prepared by the USGS in coopertion with the |daho
Departnent of Water Adm nistration.

2



u.s. Arny Corps of Engineers, Wlla Wlla Dstrict, Wter
Di vi si on. 1983. Survey Field Notes of Topography Al ong the
Lemhi River, Vicinity of Salnon, [daho.

Field notes collected by the Walla Walla Corps District for a
study initiated to solve the salmon mgration problens in the
Lemhi River. The Corps surveyed several cross sections along
the lower Lemhi, and exam ned the possibilities for creating
a nore defined stream thalwag which would concentrate the flow
for anadronous fish.

| daho Departnent of Water Resources. 1982. Lemhi R ver,
Alturas Lake Creek, and Carmen Creek Flow Augnentation
St udi es. Boi se, | daho.

Report devel ops hYdroI ogic and related data for the Lemhi
River and two unrelated creeks. These data were to be used by
the Corps of Engineers to study stream flow augnentation as a
means of inproving fish passage. Low fl ow areas, timng and
magni tude of augnentation needs, and existing streamflow
quantities are discussed.

| daho Departnent of Water Resources. Well Logs, Basin No. 74,
Lemhi R ver. Boise, |daho. (M crofiche)

Vell logs obtained from the Idaho Department of \ater
Resources contain information on depth, soil conposition,
recharge rate, and capacity. Several hundred 1ogs are

avai | abl e, however, a sanple of 50 was sel ected.

Lemhi Irrigation District. M scellaneous D scharge Measurenents
for 1981 and 1983.

Matricies were obtained from the Lemhi Irrigation District
which tabul ate nmeasurements of R ver and irrigation canal
flows. Location and date of neasurenent are given on these
tabl es. Data were wused to estinmate return flow from
irrigation and groundwater.

National QCceanic and Atnospheric Adm nistration (NOAA), National
Climatic Data Center, d i mat ol ogi cal Data for | daho.
Ashville, North Carolina.

A imatol ogical data for Salnon, I[daho and surrounding areas.
| ncl uded are tenperature, evaporation, precipitation, w nd,
hum dity, and other parameters for these stations.



Sisco, G L. 1975. M scel | aneous Di scharge Measurenents in
| daho, Basin 74, 1964-1974. | daho Departnent of \ater
Resources. Boise, I|daho.

Report contai ns di scharges neasured on the Lenmhi River and
several tributaries during 1964 through 1974.

Soil  Conservation Service, Snow Survey  Division. 1984.
I nformation on Lemhi River Basin: D version Survey Locations
and Discharges for 1979-1980.

Data collected by the Lemhi Valley Irrigation District for the
SCS to be wused in snowelt runoff estimation studies.

D scharge neasurenments were nade for 1979 and 1980 irrigation
seasons.

US. Arny Corps of Engineers, Wlla VWalla D strict. 1983.
Phot ographs of Survey of Lenmhi River.

Phot ographs taken by the Walla Walla Corps District during the
Sept enber 1983 survey of the Lenhi River. Because of the high
water during this year, no flow deficiencies are evident from
t hese pictures.

U S. Departnent of Agriculture, Soil Conservation Service. Soil
Interpretation Records.

Detailed interpretation records for nearly every soil series

in the Lenmhi Valley. Each sheet tabul ates data on texture,
depth, perneability, water holding capacity, agricultural
capability, etc. for a soil series. hese "are unpublished

records used by the SCS in Salnon, Idaho for design and
reconmendat i on pur poses.

u.s. Department of Agriculture, Soil Conservation Service.
1962. Land Capability Cassification, Agriculture Handbook
No. 210 U S. CGovernment Printing Ofice.

Provides uniform classification descriptions and applicabil i_t?/
of land capability codes which are designated on SCS soi
Interpretation records.

U. S. Departnent of Agriculture, Soil Conservation Service.
1981. oi | Survey Map and Legend, Area No. 752.

Map delineates the areas along the Lemhi Valley where the
various general soil groups are located. Each area is color
coded, nunbered, and keyed to a |egend which describes the
soil series groups.



U S Departnment of Agriculture, Soil Conservation Service.
1983.  Sprinkler System Design Data.

Crop data for the Lenmhi Basin climatic area and guidelines for
designing lateral sprinkler systens.

U S. GCeol ogical Survey. Wat er Resource Data. Part 13, Snake
R ver Basin.

M scel | aneous gage information for the Lenhi River and

tributaries, for various years of record from 1912 to
present .

U.S. Ceological Survey. Well Logs, Lenmhi County, 1976-1983.

These well 1 ogs tabul ate date, water |evel, and character-

isltlics for three wells nonitored by the USGS in the Lemhi
Val | ey.



WATER RI GHTS AND LEG SLATI ON

| daho Legislature, Irrigation and Drainage - Water Rights and
Recl anmat i on. Volume 8, Title 43 |Idaho Water Law. Boi se,
| daho.

VWater law in |daho guiding all aspects of surface, spring, and
groundwat er diversion and transport.

Idag&JDepartnent of Fish and Gane. Water Rights Location Mp.
1960.

Approxi mated map devel oped by IDFG to determ ne the actual

(%ﬁ{sus decreed) location of irrigation diversions on the
Lemhi .

Proposed Finding of Water Rights in the Lemhi River Basin, Cvi
Case No. 4948.

Tabul ates the adjudicated water rights and priorities of all
claimants along the Lemhi Rver and tributaries. The

| ocation, use, and amount of irrigated acreage is also given
for each water right.



B

Bi

Bi

B

FI SHERI ES

ornn, T.C 1969. Federal Ald to Fish Restoration, Annual
Conpl etion Report, Salmon and Steelhead Investigations.
Project F-49-R-6, Job Nos. 3, 4, 6, 8. | daho Departnent of
Fish and Gane.

Report di scusses sal non and steel head investigations in the
Lemhi River and Big Springs Creek, ldaho, from January 1, 1967
to Decenber 31, 1967. Areas of study are production,
escapement and harvest, enbryo survival and energence, and
tenperature effects on spawning and energence of juvenile
sal mon and steel head trout.

ornn, T.C 1969. Federal Aid to Fish Restoration, Job
Conpl etion Report, Salmon  and  Steel head Investigations.
Project F-49-R-7, Job Nos. 2, 3. | daho Departnent of Fish and
Gane.

Conpl etion report explains salnon and steel head investigations
in the Lenmhi River and Big Springs Creek, Idaho, from March 1,
1968 to February 28, 1969. Areas of study are production,
escapenent, and harvest of juvenile salnon and trout.

ornn, T.C 1970. Federal Ad in Fish and WIldlife
Restoration, Job Conpletion Report, Salnon and Steel head
| nvestigations. Project F-49-R-8, Job Nos. 2, 3. | daho

Departnent of Fish and Gane.

Descri bes sal non and steel head investigations in the Lenhi
River and Big Springs Creek, ldaho, from March 1, 1969 to
February 28, 1970. Study topics are production, yield, and
escapenent of juvenile salnon and steel head trout.

ornn, T.C 1971. Trout and Sal non Mvenents in Two | daho
Streans as Related to Tenperature, Food, Stream Fl ow, Cover,
and Popul ation Density. Trans. Aner. Fish. Soc. 100:423-438.

The study addresses factors which mght be responsible for the
bi annual m gration of anadronous and nonanadronous fish in the
Lemhi River and Big Springs O eek. Water tenperature,

substrate, vegetation, and stream flow are the vari ables
used.



Bjornn, T.C 1978.  Survival, Production, and Yield of Trout
and Chinook Salmon in the Lemhi River, |daho. Final Report.
Project F-49-R |daho Departnment of Fish and Gane.

This is the final report for the Federal Ad to Fish
Restoration, Salmon and Steelhead |Investigations, Project
F-49-R It summarizes studies on the Lemhi River and presents
an assessnent Of the sunmer and wi nter capacity of the upper
Lenmhi River for juvenile chinook sal non and steel head trout.

Goodnight, WH., and T.C. Bjornn. 1971. Fish Production in Two
| daho Streams. Trans. Amer. Fish Soc. 100: 769- 780.

Article is the conclusion of the first part of a long-term
st udz of fish yield and production in Big Springs Creek and
the Lenhi R ver.

Horner, N_and T.C Bjornn. 1981. Status of Upper Colunbia and
Snake Rver Spring Chinook Salnmon in Relation to the
Endangered Species Act. U 'S Fish and WIdlife Service.

The purpose of the st ud% Is to determ ne whether or not sprin
chi nook sal mon shoul d be |isted as endangered or threatened
under the Act. Criteria used include:

The present or threatened destruction, nodification,
or curtailnent of salnon habitat or range.

Problems with over utilization.

Cccurrence of di sease and predati on.

The i nadequacy of existing regulatory nechani sns.

Q her natural or nmannade factors.

ko e

| daho Departnent of Fish and Gane. 1977. Phot ogr aphs of
Dewat ered Lemhi River.

These phot ograﬁahs were taken by |DFG showi ng the dewatering
effects of a low water year coupled with high irrigation
di versi on al ong the Lemnhi ver.

| daho Departnment of Fish and Gane. 1984. I daho Anadromous Fish
Managerment Pl an. Boi se, |daho.

The docunent presents the proposed goals, policies, and
strategies for the production and harvest of anadronous sal non
and steel head for the period 1984 - 1990.



US. Departnment of the Interior, US. Bureau of Reclamation,
Paci fic Northwest Region. July 1984. | daho Anadronmous Fi sh
Habi t at Appraisal Report. Boise, |daho.

Summary of a study by the Bureau of Reclamation to discover a
means for inproving and increasing spawning and rearing
habitat in the Salnon and C earwater River Basins. Ten
streans were evaluated for the potential to produce sal non
and/ or steel head, and the associated econonic, environmental
quality, and social effects caused by developing such
potential .



GEOLOGY

Anderson, A L. 1961. Geology and M neral Resources of the Lenhi
Quandr angl e, Lenmhi County, I|daho: |daho Bureau of M nes and
Ceol ogy Panphlet 124. Mbscow, |daho.

Panmphl et describes mnerals and geol ogy of the Lenhi Basin,

and includes a map of these resources. Used in assessing

??ckground conditions for an analysis of groundwater return
oW.

Young, HW and WA. Harenburg. 1973. A Reconnai ssance of the
Water Resources in the Pahsineroi River Basin, |daho: |daho
Departnent of Water Adm nistration Water Information Bulletin
No. 31. Boise, I|daho.

This publication focuses on groundwater resources in the
Pahsi neroi Basin. Because of the simlar geologic history and
formations in the Lemhi and Pahsineroi Basins, correlations
can be made for analyzing well installation and capactiy in
the |ower Lenmhi Valley.

Parliman, D.J. 1982. G oundwater Quality in Eastcentral |daho
Valleys. (Qpen File Report 81-1011. U.S. Ceol ogical Survey.

Report presents a reconnai ssance |evel description of water
quality conditions in major aquifers of East-Central |daho
val | eys incl udi ng the Lemhi Rver Basin. Water quality
characteristics determ ned include specific conductance, pH

wat er tenperature, major dissolved cations, major dissolved
anions, and coliform bacteria. Report also contains an
assessnment of groundwater novenent, 1ncluding a map of the
potentionetric surface.

Young, H W and R E. Lew s. 1982. Thermal Springs in the
Sal ron River Basin, Central |daho. Open File Report 82-103.
U S. Ceol ogical Survey.

A thermal and chem cal breakdown of thermal springs in the
Sal non River Basin, |daho. Anal ysi s includes the nunber and
distribution wthin the Basin, chem cal and isotropic
conposition, and the quantities of heat and water which these
springs are presently discharging.

10
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TABLE D. |

US GS STREAM FLOW DATA

Station Dr ai nage Peri od of
Nunber Station Nane Ar ea Record
13303000 Texas Creek near Leadore 71.4 1938-39; 1955-63
13303500 Tinber Creek near Leadore 57.0 1912; 1938-39
13304000 West Fork Tinber Creek near
Leador e 16.5 1912
13304200 Big Springs Creek near Leadore 1950- 61
13304500 Eightmle Creek near Leadore 20.0 1912
13305000 Lemhi River near Lemnhi 890.0 1938-39; 1955-63;
1967- present
13305500 Lenhi River at Sal non 1270.0 1928- 43



TABLE D. 2

DAI LY PRECI PI TATI ON AND TEMPERATURE DATA

Station Station Dr ai nage Period of
Nunber Nane Ar ea Record
5177 Leadore 2 Precipitation only 10/ 65 - present

8080 Salmon ID Precipitation and tenperature 12/67 - present



TABLE D. 3

SNOW SURVEY SI TES

Stati on Nane El evation (feet) Peri od of Record
Above Gl nore 8240 1962 - present
Aspen Hall Pass 8200 1964 - present
Copes Canp 7520 1962 - present
Hal | Creek 7650 1964 - present
Meadow Lake 9120 1962 - present

Schwartz Lake 8540 1962 - present



MONTHLY FLOW STATI STI CS OF THE

LEMHI

TABLE D. 4

R VER NEAR LEMHI *

Month OCT Nov  DEC JAN FEB MAR APR  MAY  JUN JUL AUG  SEP
M ni mum 208 226 197 188 216 224 206 112 232 155 78 115
25th Percentile 242 275 227 232 225 253 247 242 493 220 142 136
Mean 280 298 252 251 256 275 294 358 648 367 180 185
75th. Percentile 317 319 278 277 276 304 305 427 142 412 190 219
Maxi mum 405 379 339 319 322 330 473 816 1302 909 349 274

*Based on records for water years 1968-84 from gage 13305000.



TABLE D.5

MEAN MONTHLY FLOAS ON HAYDEN CREEK
AND LEMHI RIVER

OCT NOv DEC JAN FEB  MAR APR  MAY  JUN JUL AUG SEP

Hayden Creek at Mouth 34 45 45 40 40 45 110 170 280 120 35 30

Lemhi R ver near Lenmhi 280 298 252 251 256 275 294 358 648 367 180 185

Ratio 0.13 0.15 0.18 0.16 0.16 0.16 0.37 0.47 0.43 0.33 0.19 0.16

Notes: Hayden Creek data from Bureau of Reclamation

Lemhi R ver data based on record at gage 13305000 from 1968 through 1984



TABLE D.6

LENHT RIVER 15-DAY LOW FLOWS

DIVERSION FLOW MEASURENENT SPRING 15-DAY LOW FLOWS
OR TRIBUTARY TRIBUTARY OR WATER RIGHTS LOCATION CODES BELOW DIVERSION
RIVER DIVERSION
LTR NUN NILE NANE FLOW  PRIORITY oOTT L.1.0. 2-YEAR 10-YEAR 20-YEAR 50-YEAR
t 2 17.40 29.61 1889.00 179.68 106.68  79.68  39.68
L 228 17.42 8.87 1888.00 204,71 131,70 104,71 64.71
Lt 2 17.90 2.11 1961.00 208.89 135.89 108.89  68.89
18.30 L0C!3 207.88 134.88 107.88 ~ 67.88
L 19.10 1.48 1961.00 202.28 129.28 102.28  62.28
t 28 19.30 4.90 1909.00 202.14  129.14  102.14  62.14
L 26 19.60 2.87 1887.00 204.20  131.20  104.20  64.20
t 20.60 2.76 1899.00 199.64 126.64  99.64  59.64
L 28 21.20 12.38 1888.00 197.719 12419 91.19  51.19
Lt 29 21.50 9.07 1887.00 206.21  133.21 106.21  66.21
22.70 LoC1i4 205.52  132.52 105.52  65.52
Lt 30 22.80 25.07 1886.00 204.82 131.82 104.82  64.82
L 304 23.10 0.87 1961.00 219.83  146.83 119.83  79.83
L3l 24.10 1.38 1908.00 11.11 14477 11.11 1L
L 318 4.1 1.48 1961.00 219.84 146.84 119.84  19.84
25.00 Y.S.G.S. GAGE 219.00 146.00 119.00  19.00
25.00 LOC1S 219.00 146.00 119.60  79.00
25.60 LOCt6 216.60  143.60 116.60  76.60
L 31A 25.80 8.28 1873.00 215.80 142.80 115.80  75.80
L 3 26.30 15.39 1914.00 220.84 147.84 120.84  80.84
L3 26.30 31.58 1895.00 233.92  160.92 133.92  93.92
| 26.50 0.68 1961.00 259.96 186.96  159.96 119.96
L3 21.00 2.42 1912.00 258.54  185.54 158.54 118.54
L 354 21.00 1.42 1961.00 260.60 187.60 160.60  120.60
L 36 28.20 2.82 1912.00 257.00 184.00 157.06 {17.00
L3 28.20 1.46 1880.00 259.40 186.40  159.40  119.40
Lt 38 28.20 1.45 18715.00 260.64 187.64 160.64 (20.64
28.50 Loct7 260.67 187.68 160.68 120.68
L3 29.80 1.36 1875.00 255.48  182.48  155.48  115.48
29.90 Locis 256.23  183.23 156.23 116.23
L 40 30.00 2.47 1875.00 255.83  182.83  155.83 115.83
HAYDENM CR 30.30 Loc19 256.73 183.73  156.73  116.73
L4l 30.30 11.20 1914.00 256.73  183.73  156.73 116.13
L & 30.590 3.80 1875.00 265.45  192.45 165.45  125.45
L 2a8  30.50 1964.00 268.68 195.68 168.68 128.68
30.80 LOC20  LM4 267.48  194.48 167.48 127.48
L4 31.90 1.35 1961.00 263.08 190.08 163.08 123.08
L A 31.90 1.50 1961.00 264.23  191.23  164.23 1.3
L 438 32.20 1,10 1961.00 264.30  191.30 164.30 124.30
L 4ac 32.50 2.76 1875.00 264.04 191.04 164.04 124.04

33.50 Loc21 262.38 189.38 162.38 122.38



TABLE D.6

LEMHL RIVER [5-DAY LOW FLOWS

DIVERSION FLOW MEASURENENT SPRING 15-DAY LOW FLONS
OR TRIBUTARY TRIBUTARY OR WATER RIGHTS LOCATION CODES BELON DIVERSION
_RIVER  DIVERSION
LTR NUN MILE NANE FLO¥  PRIORITY OTT (.1.0.  2-YEAR 10-YEAR Z20-YEAR SO-YEAR
0.00 LENHI R. MOUTH 0.00 95.06  22.06 -4.94 -44.94
Lo 0.90 3.30 1932.00 87.86  14.86 -12.14 -52.14
1.20 LOC! 88.26  15.26 -11.74 -SI.T4
L2 1.80 1.06 1961.00 83.46  10.46 -16.54 -56.54
L 28 2.10 1.57 1889.00 81.96  8.96 -18.04 -58.04
L2 3.00 1.04 1963.00 7610 3.10 -23.90 -63.90
L3 3.30 14.15  1906.00 4.8 1.58 -25.42 -65.42
L 38 4.00 2.03 1951.00 81.01 8.0 -18.99 -58.99
4.70 L0C2 1M.14 414 -22.86 -62.86
5.45 Lut 7M.14 -1.86 -28.86 -66.86
L 3 5.50 3.99  1869.00 10.74 -2.26 -29.26 -69.26
L4 5.70 .17 1878.00 12.53  -0.41 -21.41 -61.41
7.07 Locs 65.11  -1.89 -34.89 -74.89
7.14 LOCT 64.55  -8.45 -35.45 -75.45
LS 7.20 5.18  1894.00 64.07  -8.93 -35.93 -15.93
.33 e L 67.43  -5.51 -32.57 -12.51
L6 7.40 ANOREWS DITCH 41.80 1869.00 66.87  -6.13 -33.13  -13.13
.42 LOCS 102.24  29.2¢ .24 -31.76
L7 8.30 TONN DITCH 28.04 1869.00 95.20 2220  -4.80 -44.80
LA 8.32 3.52 1889.00 118.88  45.88  18.88 -21.12
L8 8.60 159 1961.00 119.63  46.63  19.63 -20.31
8.90 LM 118.58  45.58  18.58 -21.42
9.20 LOCY 116,18 43.18  16.18 -23.82
LA 10.50 26.07 1878.00 107.08  34.08  1.08 -32.92
L9 10.52 20,79 1909.00 129.10  S6.10  29.10 -10.90
L 10 11.30 21.16  1880.00 14131 6831 4131 1.3
L 12.00 5.76 1880.00 159.50  86.50  59.50  19.50
L1 12.40 4.16 1880.00 161.59  88.60  61.60  21.60
L 12.80 12.72 1880.00 162.33  89.33  62.33  22.33
13.10 Loc1o 171.04  98.04  T1.04  31.04
Y 13.10 2.28 1902.00 171.04  98.04¢  T1.04  31.04
LS 13.90 6.81 1871.00 16138 94.38  67.38  21.38
L6 14,40 8.62 1872.00 169.61  96.67  69.67  29.67
L1 14.70 6.70 1872.00 174.9¢  101.90  74.90  34.90
LoIe 19.20 0.99 1899.00 177.09  104.09  77.69  37.09
L 18A 19.21 0.32 1892.00 177.86  104.86  711.86  31.86
L 19 15.70 1.30 1961.00 (7470 10171 TATL 34T
L 19 16.60 .17 1963.00 169.51  96.51  69.51  29.51
16.65 Loct 1 170.15 9715 T0.15  30.15
L2 16.70 11.64 1888.00 169.80  96.80  69.80  29.80

L2 17.10 5.74 1892.00 176,90 103.90  76.90  36.90



TABLE 0.6

LEMHT RIVER 15-DAY LOW FLOWS

DIVERSION FLOW HEASUREMENT SPRING 15-DAY LON FLOWS
OR TRIBUTARY TRIBUTARY OR WATER RIGHTS LOCATION CODES BELOW DIVERSION
RIVER OIVERSION
LTR  NUN KILE NANE FLOW  PRIORITY OTT L.1.D. 2-YEAR 10-YEAR 20-YEAR S0-YEAR
L M 33.70 1.53 1911.00 261.58 186.58 161.58 121.58
L & 33.70 2.09 1911.00 262.88 189.88 162.88 122.88
L 454 35.60 2.63 1902.00 257.06 184,06 157.06 117.06
L 458 36.50 1.00 1961.00 255.70 182.70 155.70  {15.70
L 45 36.90 1.75 1890.900 254.95 181.95  154.95 114,95
L 450 36.90 8.16 1940.00 256.43 183.43 156.43 116.43
31.10 LoC22 262.51 189.57  162.51 122.51
L 46 31.70 9.68 1889.00 260.17 187.17 160.17 120.17
L 464 38.10 1.90 1892.00 266.80 193.80 166.80 126.80
R ¥ 39.30 6.10 1886.00 263.61 190.61 163.61 123.61
L 48 39.50 4.77 1887.00 268.00 195.00 168.00 128.00
39.50 L0C23 212.05  199.05 172.05 132.05
L4 39.50 5.57 1885.00 272.05 199.05 172.05 132.05
L 50 41.40 2.60 1919.00 269.19  196.19  169.19 129.19
L8 41.80 1.57 1885.00 269.80 196.80 169.80 129.80
L SIA 42.20 3.12 1885.00 269.53 196.53  169.53  129.53
L 52 43.30 5.40 1936.00 261.78 194.718 161.18 121.18
L 524 43.30 0.786 1961.00 212.31  199.31  172.31 132.31
L 54 43.60 2.48 1888.00 271.84 198.84 171.84 131.84
L 53 43.80 0.81 1888.00 213,14 200.14  173.14  133.14
L9 44.10 1.99 1888.00 272.63  199.63 172.63 132.63
L S8 44.10 2.22 1868.00 214.32  201.32 174.32  134.32
44.60 LKS 274.21  201.21  174.21 134.21
44.80 LH6 213.40 200.41  173.41 133.41
L 584 45.10 5.02 1908.00 212.21 199.21  172.21  132.21
L se8 45.90 4.70 1893.00 273.28 208.28 173.28 133.28
EAST CHANNEL
L 58C 41.10 2.84 1895.00 149.86 109.71  94.86  12.86
L9 41.70 2.11 1881.00 149.87 109.72  94.87 12.81
L 60 48.50 2.04 1889.00 148.47 108.32  93.41 1141
L 6t 49.30 4.13 1689.00 147.00 106.85  92.00  70.00
L 6lA 50.40 0.61 146,01 105.96  SL.11  69.11
L 62 51.30 5.29 1961.00 143.03 102.88  88.03  66.0]
L 63 52.30 9.12 1918.00 143.53 103.38  88.53  66.5]
52.3% LOC25 151.08  110.93  96.08  74.08

WEST CHANNEL (BIG SPRINGS CREEK)
48.60 Loc21



TABLE 0.7

LEXHI REVER 15-DAY LOW FLOWS

DIVERSION FLOW NEASUREMENT SUMMER 15-DAY LOW FLOWS
OR TRIBUTARY TRIBUTARY OR WATER RIGHTS LOCATION CODES BELOW DIVERSION
o RIVER  DIVERSION
LTR  NUK NILE NANE FLON  PRIORITY  OTT L.I.D.  2-YEAR I10-YEAR 20-YEAR 50-YEAR
0.00 LENHI R. MOUTH 0.00 81.23  50.23  40.23  28.23
Lol 0.90 330 1932.00 76.88  39.88  29.88  17.88
1.20 Loc! 76,73 39.73  29.13  11.13
. 1.80 1.06 1961.00 69.83  32.83  22.83  10.83
L 28 2.10 1.57 1889.00 67.44  30.44 20,44 B.44
L2 3.00 1.04 1963.00 58.66  21.66  11.66  -0.34
L3 3.30 i4.15 1906.00 56.25  19.25  9.25  -2.15
L 38 4.00 2.03 1951.00 62.35  25.35  15.35  3.3S
4.0 L0c2 56.33  19.33 9.3 -2.67
5.45 Lm a0 -11.29
L3 5.50 3.99 1869.00 .13 10,13 0,13 -11.87
L4 5.0 4.17 1878.00 46.82  11.82 1.8 -10.18
1.07 LOC8 .26 0.2 976 -21.76
7.14 LOCT 36.43  -0.57 -10.57 -22.87
LS .20 5.18  1894.00 35.74 -1.26  -11.26  -23.26
1.33 Loce LK 39.43 243 -1.51 -19.97
L6 7.40 ANDRENS DITCH 41.80 1869.00 38.62  1.62 -8.38 -20.38
1.4 LOCS 80.19  43.19  33.19  21.19
L1 8.30 TOWN DITCH 28.04 1869.00 1007 33.07  23.07  11.0]
L TA 8.32 3.52 1889.00 97.88  60.88  50.88  38.88
L 8 8.60 1.59 1961.00 98.18  6L.18  SI.18  39.18
8.90 LK3 9.32  59.32  49.32  31.32
9.20 LOCY 92.12  55.12  45.12  33.12
L 8A 10.50 26.07 1878.00 713.92 3692 26.92  14.92
L9 10.52 20.79 1909.00 99.71  62.71  S2.71  40.71
T 11.30 27.16 1880.00 109.58  72.58  62.58  50.58
Y 12.00 5.76  1880.00 126.94  89.94  79.94  67.94
L2 12.40 4.16 1880.00 12710 90.10  80.10  68.10
L 12.80 12.72 1880.00 125.66  88.66  18.66  66.66
13.10 LOC10 13¢.18  97.18  B81.18  T75.18
L4 13.10 2.28 1902.00 134.18  97.18  87.18  15.18
Lo 13.90 6.81 1871.00 125.26  88.26  78.26  66.26
L6 14.40 8.62 1872.00 125.07  68.07  78.07  66.07
L 1 14.70 6.10 1872.00 129.49  92.49 B2.49 10.9
L 18 15.20 0.99 1899.00 129.19  92.19  82.19  70.19
L 18A 15.21 0.32 1892.00 130.04  93.04  83.04  TL.04
Lo19 15.70 1.30 1961.00 123.50  86.50  76.50  64.50
L 19 16.60 117 1963.00 112.20  75.20  65.20  53.20
16.65 LocH1 112.67  15.61  65.67  53.61
L 20 16.70 11.64 1888.00 [1.97 7497 64.91  52.97

L2 17.10 5.74 1892.00 118.01  81.0! 11,01 59.01



TABLE 0.7

LEMHT RIVER 15-DAY LOW FLOWS

DIVERSION FLOW MEASUREMENT SUNNER 15-DAY LOW FLOWS
OR TRIBUTARY TRIBUTARY OR WATER RIGHTS LOCATION CODES BELOW DIVERSION
RIVER DIVERSION
LTR NUN HILE NANE FLON  PRIORITY OTT L.1.0. 2-YEAR 10-YEAR 20-YEAR 5SO-YEAR
L 22 17.40 29.61 1889.00 119.55  82.55  72.55  60.55
L 22 17.42 8.87 1888.00 148.88 111.88 101.88  B9.88
L2 17.90 2.1t 1961.00 151.03 114,03 104,03  92.03
18.30 Loc13 147.54  110.54 100.54  88.54
L 19.10 1.48 1961.00 136.34  99.34 89.34 T1.}4
L 25 19.30 4.90 1909.00 135.02 98.02  88.02 '6.02
L 26 19.60 2.87 1887.00 135.72  98.712 88.712 16.12
L 2 20.69 2.76 1699.00 124.59  81.59 71.59  65.%9
L 8 21.20 12.33 1888.00 118.95  81.95  71.95  59.95
L 29 21.50 9.07 1887.00 127.13  90.13  80.13  68.13
22.10 LOCH4 119.40  82.40  72.40  60.40
L 30 22.80 25.01 1886.00 118.00  81.00  71.00  59.00
L 304 23.70 0.87 1961.00 130.47 93,41  83.41 11.4
L3 24.10 1.38 1908.00 125.714  88.74  18.74  66.14
L 38 24.10 1.48 1961.00 124.72 81.712 11.72  65.12
25.00 U.S5.G.S. GAGE 122.00  85.00  75.00  63.00
25.00 LOC15 122.00  85.00  75.00  63.00
25.60 Locié 1e.10  8f.10  T1.10  59.10
L 3lA 25.80 8.28 1873.00 116.80  79.80  69.80  57.80
L 32 26.39 15.39 1914.00 121.83  84.83  74.83  62.83
Lt 3 26.30 31.58 1895.00 137.22 100.22 98.22 18.22
L U 26.50 0.68 1961.00 167.50  130.56 120.5¢ 168.56
L35 21.00 2.42 1912.00 164.93  121.93  117.93 105.93
L 354 21.00 1.42 1961.00 167.35 130.35 120.35 108.35
L 36 28.20 2.82 1912.00 160.97 123.97 113.97 101.97
L 9 28.20 1.46 1880.00 163.79  126.79 116.79 104.79
L 38 28.20 1.45 1875.00 165.25 128.25 118.25 106.25
28.50 Loc1? 164.75  121.15  111.15  105.15
Lt 39 29.80 1.36 1875.00 156.30  119.30 109.30  97.30
29.90 Loct8 157.01 120.01 110.01  98.0l
L 40 30.00 2.41 1875.00 156.36  119.36 109.36  97.36
HAYDEN CR 30.30 Loc19 50.88  49.88  48.88  44.88
L 4l 30.30 11.20 1914.00 50.88  49.88  48.88  44.88
R ¥ 30.50 3.80 1875.00 60.78  59.18  58.78  54.78
L 42a8  30.50 1964.00 64.58  63.58  62.58  58.58
30.80 L0C20  LM4 62.63  61.63  60.63  56.63
t 4 31.90 1.35 1961.00 55.48  54.48  53.48  49.48
L 43 31.90 1.50 1961.00 56.83  55.83  54.83  50.83
L 438 32.20 1.10 1961.00 56.38  55.38  54.38  50.38
L 43 32.50 2.76 1875.00 55.53  54.53  53.53  49.53

33.50 Locat 54.29  53.29 52.29 48.29



TABLE 0.1

LENHL RIVER 15-DAY LOW FLOWS

DIVERS 10N FLOW MEASURENENT SUNMER 15-DAY LOW FLONS
OR TRIBUTARY TRIBUTARY OR WATER RIGHTS  LOCATION CODES BELOW DIVERSION
o RIVER  DIVERSION
(TR NUN MILE NANE FLOW  PRIORITY OTT  L.I.D.  2-YEAR 10-YEAR 20-YEAR SO-YEAR
L 4 33.70 1.53 1911.00 53.49  S2.49  SL.49  41.49
T 33.70 2.09 1911.00 55.02  54.02  53.02  49.07
L 45A  35.60 2.63 1902.00 9.51 4851 4151 43.5)
L 458 36.50 1.00 1961.00 .54 4154 46.54  42.54
LoasC 36.90 1.75  1890.00 .94 46.94 45,94 41.94
Loo4sD 36.90 8.16 1940.00 09.69  48.69 4169  43.69
31.10 LOC22 51.05  56.05  S5.05  51.05
L 46 31.70 9.68 1889.00 54.65  S$3.65  52.65  48.65
Lo46h 38.10 1.90 1892.00 62.73 6113 60.73  56.13
Y 39.30 6.10 1886.00 59.83  56.83  57.83  53.83
L 48 39.50 4.77 1887.00 65.13  64.13 6313  99.13
39.50 L0C23 69.90  68.90  61.90  63.98
T 39.50 5.57 1885.00 69.90  68.90  61.90  63.90
LS50 41.40 2.60 1919.00 60.21  59.21  58.21  54.2
Y 4.80 1.57 1885.00 59.67  58.67  S1.67  53.6
LSIA 42.20 3.121885.00 58.04  ST.04  56.04  52.04
L 92 £.30 5.40 1936.00 52.3  51.36  50.36  46.36
LS 43.30 0.78 1961.00 51.76  S6.76  55.76  51.76
Y £3.60 2.48 1888.00 S6.14  S5.14  SA.14  50.14
L83 43.80 0.81 1888.00 51.02  56.02  55.02  51.02
L9 4410 1.99 1888.00 55.43 5443 5343 49.43
L8 4410 2.2 1888.00 51.42  56.42  55.42  51.42
44.60 LS 55.64  S4.64  53.64  49.64
44.80 Lu6 54.04  53.04  52.04  48.04
L 58 £5.10 5.02 1908.00 51.64  50.64  49.64  45.64
L 588 45.90 .70 1893.00 50.26  49.26  48.26  44.26
EAST CHANNEL
L 58C 41.10 2.84 1895.00 26.21 2572 5.1 22.97
L9 41.70 2.11 1887.00 25.51 4.9 2441 22.21
L6 48.50 2.04 1889.00 .82 2.21 1.2 19.92
Lo 6l 19.30 413 1889.00 2006 19.51  18.96  16.76
L 6IA 50.40 0.61 (1.5 1.04 16,49 14.29
L 82 51.30 5.29 1961.00 1280 12.25 1170 9.50
L6 52.30 9.12 1918.00 12.09  11.54  10.99 8.1
52.35 L0C25 20,91 20.36  19.81  11.6i

¥EST CHANNEL (BIG SPRINGS CREEK)
48.60 Locz21



TABLE 0.8

LEMHI RIVER MEAN [5-DAY LOW FLOWS

DIVERSION FLOW MEASUREMLNI FLOW BELOW FLOW BETWEEN
OR TRIBUTARY TRIBUTARY OR VATER RIGHTS LOCATION COOES DIVERSIONS DIVERSIONS
_RIVER  OIVERSION
LTR NN MILE NANE FLOW  PRIORITY OTT L.1.0.  SUNMER SPRING SUNMER  SPRING
0.00 LENHI R. WOUTH 0.00 101.98  90.36

Lot 0.90 3.30 1932.00 91.6]  83.16  96.81  B6.76
L2 1.80 1.06 1961.00 84.56  78.76  89.76  82.61
L2 2.10 1.57 1889.00 82.19  11.26  83.92  18.54
L2 3.00 1.04 1963.00 73.40 7140 78.59  15.12
L3 3.30 14.15 1906.00 71,00 69.88  12.73  11.16
L3 4.00 2.03 1951.00 7.10 7631 81.13  80.17
L 5.50 3.99 1869.00 61.88  66.04  70.51  J2.19
L4 5.0 £.17 1878.00 63.51  61.83  64.12  68.93
L 5 1.20 5.18  1894.00 50.49  59.37  59.12  65.68
L6 7.40 ANDRENS DITCH 41.80 1869.00 53.31  62.17  54.52  63.36
L1 8.30 TOMN DITCH 28.04 1869.00 84.82  90.50  90.00  97.24
LT 8.32 3.52 1869.00 112,63 11418 112.75  116.36
L8 8.60 1.59 1961.00 112.93  114.93  114.54 116.31
L8 10.50 26.01 1878.00 87.92  101.08 101.22 108.80
L9 10.52 20.79 1909.00 H3.70 12310 113.85  125.13
L1 1.30 21,16 1880.00 123.58  135.31  129.04  139.60
L1 12.00 5.76 1880.00 [40.94 153.50 145.84  157.99
L 12.40 4.16 1880.00 [41.10  155.59 143.90 157.43
Lol 12.80 12.72 1880.00 139.66  156.33  142.46  158.04
Lo1e 13.10 2.28 1902.00 148.18  165.04 150.28  167.05
T 13.90 6.81 1871.00 139.26  161.38  144.86  164.35
L 16 14,40 8.62 1872.00 139.07  163.67  142.5T  165.93
Lo 14.70 6.70 1872.00 143.49  168.90 145.59 170.59
Loo1e 15.20 0.99 1899.00 143.19  171.09 146.69 173.34
L 184 15.21 0.32 1892.00 144.04 171.86 144.11 171.97
L9 15.70 130 1961.00 137.50  168.71 140.93 170.44
L 19 16.60 117 1963.00 126.20  163.51 132.50  166.76
20 16.10 11.64 1888.00 125.97  163.80 126.67 164.24
L2 17.10 5.74 1892.00 132,01 170.90  134.81 113.11
Lo 17.40 29.61 1889.00 133.55  173.68  135.65 175.16
L 224 17.42 8.87 1888.00 162.88  196.71 163.02  201.00
L2 17.90 2.11 1961.00 165.03 202.89 168.39 205.23
L2 19.10 1.48 1961.00 150.34  196.28  158.74  200.64
L2 19.30 4,90 1909.00 149.02  196.14 150.42  196.95
L2 19.60 2.87 1887.00 149.72  198.20 151.82  199.62
L2 20.60 2.76 1899.00 138.59  193.64  145.59  197.36
¢ 28 21.20 12.38 1888.00 132.95  191.79  137.15  194.09
L2 21.50 9.07 1887.00 14113 200.21 143.23  202.19
L3 22.80 25.07 1886.00 132.00 198.82 141.10  204.05
1) 23.70 0.87 1961.00 144.41  213.83  150.77  218.86



TABLE 0.8

LEMHT RIVER MEAN 15-DAY LOW fLOWS

O IVERS1ON FLON MEASUREMENT FLOW BELOW FLOW BETWEEN
OR TRIBUTARY TRIBUTARY OR WATER RIGHTS  LOCATION CODES DIVERSIONS DIVERSIONS
o RIVER  DIVERSION

LTR NUN NILE NANE FLON  PRIORITY OTT  L.[.D.  SUNMER SPRING SUNNER SPRING
BT 24.10 7.38 1908.00 139.74 201,77 142.54 213.23
S TT I TR [ 1.48 1961.00 138.72 213.84  142.92  216.50

25.00 U.5.G.S. GAGE 136.00  213.00 138.10 214.16

LA 25.80 8.28 1873.00 130.80  209.80 133.40  211.40
Lo 26.30 15.39 1914.00 135.83  214.84 13146  216.46
L 26.30 31.58  1895.00 151,22 221,92 151.22  229.01
Lo 26.50 0.68 1961.00 181,50 253.96 182.15  256.13
Lo 21.00 2.42 1912.00 178,93 252.5¢ 180.56  253.59
LA 20.00 1,42 1961.00 181,35 254.60 181.35 254.78
L3 28.20 2.82 1912.00 174.97 25100 178.87  253.51
T} 28.20 1.46 1880.00 177.79 25340 171.79  253.61
C8 78.20 1.45 1875.00 119.25  254.64  179.25 254.75
Lo 29.80 1.36 1875.00 170,30 249.48  175.50 252.78
) 30.00 2.47 1875.00 170,36 249.83  171.01  250.33
HAYDEN CR 30.30 58.88  116.73
ST 30.30 11.20 1914.00 58.88 116,73 58.88 116.73
ST 30.50 3.80 1875.00 68.78  125.45  69.43  126.69
L 42MB  30.50 1964.00 72.56  128.68  12.58  128.97
L8 31.90 1.35 1961.00 63.48  123.08  68.03 125.88
LA 3190 1.50 1961.00 66.83  124.23  64.83 124.33
L8 3220 110 1961.00 64.38 12430 65.35 125,02
L0 32.50 2.76 1875.00 63.53  124.04  64.50 124.72
T 33.70 1.53 1911.00 6149 121.58  63.89 124.19
T 33.70 2.09 1911.00 63.00 122.88  63.02 123.00
LA 3560 2.63 1902.00 51,51 11.06  61.31  121.02
L 458 36.50 1.00 1961.00 56.5¢ 115.70  58.34  117.69
Loo4SC 36.90 1.75 1890.00 55.94  114.95 56,74 115.82
LS50 36.90 8.16 1940.00 S1.69  116.43  ST.69  116.57
TS 37.70 9.68 1889.00 62.65 12017 6425 122.38
L 46k 3810 1.90 1892.00 0,73 126.80 7153 128.32
¢ 39.30 6.10 1886.00 61.83  123.61  70.23  126.16
Lo 39.50 477 1887.00 7313 128.00  73.53 128.86
L) 19.50 5.57 1885.00 7790 132.05  77.90 (3241
L5 61.40 2.60 1919.00 68.21 129.19  75.87  133.40
LS £1.80 1.57 1885.00 61.67 129.80  69.21 130.19
LS a0 312 1865.00 66.04 129.5)  61.64 130.45
Y 13.30 5.40 1936.00 60.36  121.78  64.76  130.22
LS 4330 0.78 1961.00 65.76  132.31  65.16 132.78
LS £3.60 2.48 1888.00 64.14 13184 65.34  132.50
L3 43.80 0.81 1888.00 65.00 13314 65.82 133.73
|

51 .10 1.99 1688.00 83.43  132.63  64.63 133.29



TABLE 0.8

LEMHL RIVER MEAN 15-DAY LOW FLOWS

OIVERSION FLOW MEASURENENT FLOW BELOW FLOW BETWEEN
OR TRIBUTARY TRIBUTARY OR WATER RIGHTS LOCATION CODES DIVERSIONS DIVERSIONS
RIVER DIVERSION
LTR NUM MILE NANE FLO¥  PRIORITY SUMMER  SPRING  SUMNMER  SPRING
L 58 44.10 2.22 1888.00 65.42  134.32 65.42 134,47
L 58 45.10 5.02 1908.00 59.64 132.21 63.64 134.38
Lt 588 45.90 4.70 1893.00 58.26 133.28  61.46 135.26
EAST CHANNEL
L 58C 47.10 2.84 1895.00 30.67  72.86
t 5 41.10 2.11 1887.00 29.91 12.81 3L 14.29
L 60 48.50 2.04 1889.00 21.22 11.4] 29.62 13.23
L 6t 49.30 4.13 1889.00 24.46 10,00  26.86  T1.75
L 6iA 50.40 0.61 21.99  69.11 25.29 T1.62
L 62 51.30 5.29 1961.00 17.20  66.03 19.90  67.88
L 63 52.30 9.12 1916.00 16.49  66.53 19.49  68.92
52.35 25.31 74,08 25.46 14.86
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APPENDI X E
UNI T CCSTS

Al Unit Costs are based on the assunptions and conditions
presented in the Cost Conputation Paraneters section of Chapter 3

CATEGORY/ | TEM UNI TS UNI T COST
EARTHWORK
Trench Excavati on cY $ 3.00
Native Trench Backfill cY 1.00
Sel ect Trench Backfill cY 16. 00
Common Excavati on cY 1.00
Common Fil | cY 1.00
Select Fill cY 10. 00
Engi neered Fill cY 6. 00
Rock Excavation (CGeneral) cY 25. 00
Rock Excavation (Trench) cY 35.00
Rip Rap (Material only) cY 15. 00
Rip Rap (Placenent only) cY 20.00
Haul i ng cY (2.00+. 20/ mle)
CONCRETE & BLOCK CONSTRUCTI ON
Mass Concrete (% $ 150. 00
Fl oors & Sl abs on G ade cY 150. 00
Bl ock Walls SF 6. 00
Nonstructural Reinforced Concrete cY 250. 00
Structural Reinforced Concrete cY 350. 00
Pl PE
Fabricated Steel Pipe
150 PSI
12" LF $ 16. 20
18" LF 23. 40
24" LF 30. 60
30" LF 54. 00
36" LF 64. 80
42" LF 75. 60
48" LF 104. 20
Add 20% for orders under 400 ft.
250 PS|
1?2 LF $ 16. 20
18" LF 23. 40
24" LF 43. 20
30" LF 72.00
36" LF 108. 90
42" LF 152. 10
48" LF 173.70

Add 20% for orders under 400 Ft.



UNIT COSTS
(conti nued)

CATAGORY/ | TEM UNI TS UNIL T COST
Pi pe cont.
Concrete
12" LF $ 12.00
15" LF 14. 50
18" LF 17. 00
24" LF 22.00
30" LF 28. 00

Add 20% for orders less than 200 Ft.
Corrugated Metal

12" 20 FT Section $ 24. 00
15" 20 FT Section 29. 00
18" 20 FT Section 32.50
24" 20 FT Section 41. 50
30" 20 FT Section 53. 50
PVC
12" 20 FT Section $ 26. 00
15" 20 FT Section 37.50
18" 20 FT Section 51. 00
LAND _
Productive Farnand AC $1, 500. 00
Dry " G azi ng" AC 400. 00
VELLS, PUWPS, AND | RRI GATI ON EQUI PMENT
Drilling & Casing $(10+DI A(i n) x2, 5)xDept h(ft)
Punps
Volume (for flood irrigation) CFS $1, 300. 00
Pressure(for sprinkler irrigation) CFS 3, 000. 00
\Wheel Line (conplete) /4 M 6, 800. 00
ELECTRI C RATES
<3, 000 kwh/ mont h kWh $ . 0438
>3, 000 kwh/ nonth $2. 86x( kW +. 0323253x( kW)
MOTORS
2hp EA $ 200.00
5hp EA 275. 00
POVNERLI NE M $45, 000. 00

FABRI CATED STEEL LB $ 2.00



UNI T COSTS
(conti nued)

CATAGORY/ | TEM UNI TS UNI T COST
WOOD PRODUCTS
Ti mber Mof $ 350. 00
3/8 Pl ywood %ext eri or; 4' x8' panel 15. 00
5/8 Pl ywood (exterior 4'x8' panel 18. 00

GATES AND VALVES

Low Head Canal
Val ves

FI SHSCREENS
Perforated Al um num
Wedge Wre (stainless)

Gat es

$12(DIA(in))1-4
$ 11(DIA(in))2

SF $ 20.00
SF 75.00

Add 30% for quantities under 200 S.F.



APPENDI X F

SUBREACH HABI TAT DATA



speci fic subreaches of the Lemhi

SBEAH DATE

O L1
LI-2
L2-2B

L2B-3
W 3B
L3B- L3A

WA- 5
L5-6
u-7
L7-7A
L7A-8
L8- 8A
L8A-9
L9-10
LI 0-11
LIT-12
L12-13
LI 3-14
L14- 15
LI 5- 16
L16-17
LI'7-18
LI 8-19
LI 9-19A
L19A- 20
L20- 21
L21- 22
L22- 22A
L22A- 23
L23-24
L24- 25
L25- 26
L26- 27
L27-28
L28-29
L29- 30
L30- 30A
WOA- 31
W -31B
L31B 31A
L31A-32
L32-33

(1985)

6/ 23
6/ 23
6/ 23
6/ 23
6/ 23
6/ 23
6/ 23
6/ 23
6/ 23
6/ 23
6/ 23
6/ 24
6/ 24
6/ 24
6/ 24
6/ 24
6/ 24
6/ 23
6/ 23
6/ 23
6/ 24
6/ 24
6/ 24
6/ 24
6/ 24
6/ 24
6/ 24
6/ 24
6/ 24
6/ 24
6/ 24
6/ 24
6/ 25
6/ 25
6/ 25
6/ 25
6/ 25
625
6/ 25
6/ 25
6/ 25

6/ 25

TABLE F-I

(from Buel | 1985a)
Surface areas (in square yards) of six habitat types in 19
Ri ver, Idaho.
POOL RIFFLE RUN _ POCKETWATER S| DECHANNEL  BACKWATER
133.33 16857.67 11960 0 100 176. 67
33.33 15843.33 5790 126. 67 126. 67 83.33
800 5083.33 4530 33.33 0 83. 33
3838.33 21171.67  8958. 33 0 1743. 33 593. 33
7826.67 39363.33 15598. 33 0 780 973.3
3988.33  3595.00  1881.67 0 0 90
4598.17 19479.17 5000 235 370 268. 33
53 133  4023.33  1623.33 650 0 0
0 13916.67 9530 0 203. 33 183.33
0 350 200 0 0 0
4.44 539. 11 174. 44 0 0 0
0 11250 4163. 33 66. 67 0 0
0 1506. 67 366. 67 116. 67 0 183.33
50 9870 8393. 33 16. 67 0 0
0 10096. 67 4860 0 583. 33 133.33
0 3710 1783. 33 0 0 0
0 4366.67  2843.33 83.33 0 0
400 6433.33  2226.67 0 0 0
1233.33 11350 4850 0 400 33.33
116.67  7216.67  4966. 67 0 346. 67 50
670 3166.67 1100 ] 0 0
66.67 14283.33 2350 0 166. 67 ]
133.33 14283.33 2550 ] 123.22 20
250 20733.33  20083. 33 0 0 - 0
0 2766. 67 300 0 0 0
66.67 6616.67 116. 67 0 50 110
1300 5078.33  2271.67 403. 33 0 56. 67
661.67 4435 1848. 38 0 0 0
710 9868.33  4091. 67 165 180 263. 33
4338.67 26630 7160 388. 33 1345. 67 888. 67
315 1320 485 0 0 0
0 5098.33  1126. 67 0 0 0
1173.33 25233 4036. 67 160 156. 67 80
14441.67 7040 2369. 33 445 194 0
517.58 6945 1572. 67 250 ) 0
3140 18591.67 6205 50 660 323.33
2211.67 17833 4837 0 43. 33 400. 67
260 7675 573.83 156. 67 0 0
33.33 10583. 33 133.33 0 33.33 0
376.67  2142.67 2960 0 103. 33 0
0 7166. 67 293. 33 0 0 30
0 1400 600 0 0 0
133.33  4683.33 333.33 0 0 0

L33-34

6/ 25



TABLE F-1 (continued)

Surface areas (in square yards) of six habitat types in 19
specific subreaches of the Lenmhi River, |daho.

SUBREACH DATE POOL RIFFLE RUN POCKETWATER SIDECHANNEL. BACKWATER
(1985)
L34-35 6/ 25 0 8466. 67 700 0 0 100
L35-35A 6/25 133.33  2433.33 200 0 0 0
L35A- 36 6/ 25 0 17503. 33 433. 33 0 0 43. 33
L36- 38 6/ 25 0 0 0 0 0 0
L38-39 6/ 25 0 17283.33 4350 0 0 0
L39-40 6/ 25 67.67 11566.67 1100 0 0 0
L40- 41 6/ 25 0 950 683. 33 0 0 0
L41-42 6/ 25 0 2150 1416. 67 0 0 0
L42- 43 6/ 25 3412.5 12150 11200 0 0 0
L43-43A 6/25 850 775 3875 0 0 0
L43A-43B 6/ 25 2512.5 5437.5 8187.5 500 0 0
L43B-43C 6/ 25 1612.5 850 1462.5 0 0 0
LAX- 44 6/ 25 4912.5 10387.5  14287.5 0 0 0
| Ad- 45 6/ 25 0 0 0 0 0 0
L45-45A  6/25 5125 20987.5 18475 0 2812.5 600
L45A-45B 6/ 26 1287.5 9637.5 4900 0 0 0
L45B-45C 6/ 26 1675 1512.5 8787.5 0 0 0
L45C-45D /26 0 0 600 0 0 0
L45D- 46 6/ 26 605 13087.5 9275 0 1312.5 0
L46-46A 6/ 26 912.5 1637.5 3575 0 0 0
L46A- 47 6/ 26 2975 15520 13712.5 0 0 0
L47-48 6/ 26 350 1375 4125 0 0 0
Us- 49 6/ 26 200 837.5 1162.5 0 0 0
L49- 50 6/ 26 0 41190 3000 0 26.67 216. 67
L50- 51 6/ 26 0 5466. 67 0 0 0 0
L51-51A /26 0 7567.67 1600 0 0 33.33
L51A-52 6/ 26 150 10233.33  2783.33 0 50 100
L52-54 6/ 26 0 5936.67 550 0 0 0
L54-57 6/ 26 1583.33 27980 10333. 33 0 150 0
L57-58 6/ 26 200 0 0 0 0 0
L58-58A  6/26 0 2203.33  2333.33 0 90 0
L58A-58B ¢/ 26 0 1933.33 850 0 66. 67 0
L58B058C 6/ 26 0 4950 2266.67 0 33.33 166.67
L58C 59 6/ 26 266.67 7283.33 4666.67 0 0 0
L59- 60 6/ 26 5243.98 6355 5095. 67 130 223. 33 1173
L60- 61 6/ 26 2730 2255 2901. 67 16. 67 0 36.67
Lbl - 62 6/26  15532.5 18170 21178. 33 75 1600. 5 1276. 67
L26- 63 6/ 27 7735 12582 10495 0 1373. 16 226. 67



TABLE F-2
(from Buel | 1985a)

Surface areas (in square yards) of six habitat types and total fish habitat in five study reaches of the Lemhi River, I|daho.

REACH PO 0% RIFFLE 0% RUN %  POKEMATER %  SIDECHAN\EL % BACKWATER % TOTAL
0L 20965.93 (7.4) 172945.95 (60.7) 83029.43 (29.2)  1245.01  (0.4)  3906.66  (1.4) 2678.31 (0.9) 28477129
02 29534.59 (9.3) 205166.33 (64.8) 74337.06 (23.5)  1944.99  (0.6)  3622.90  (L.1) 182533  (0.6) 316431. 20
03  3215.00 (2.5) 109687.33 (83.7) 17187.48 (13.1) 156.67  (0.1) 179.99  (0.1)  574.00  (0.4) 131000.47
04 30008.33 (8.4) 196922.67 (54.9) 125741.66 (35.1) 500 .00 (0.1) 444 167 (L2 950.00 (.03) 358564. 33
05 31508.15 (22.5) 53528.66 (38.3) 47454.01 (33.9) 221.67  (0.2)  4296.99 (3.1)  2879.68  (2.1) 139889.16



TABLE F-3
| (from Buel I 1985a)

Surface areas (in square yards) of six habitat types in 14
speci fic reaches of Hayden Creek, [|daho bel ow the upper bridge

Crossi ng.
SUBREACH DATE POOL R FFLE RUN POOKETWATER S DECHANNEL  BACKWATER
(1985)
0H1 6/ 27 0 2833. 33 116. 67 0 0 0
H-H 6/ 27 0 733. 33 116. 67 0 0 0
H2- H3 6/ 27 0 19233.33 1200 0 0 50
- H4 6/ 27 0 120 100 0 0 0
H4- H5 6/ 27 0 14850 216. 67 0 0 0
Ho- H6 6/ 27 0 483. 33 0 0 0 0
Ho- HY 6/ 27 0 4466. 67 0 0 0 0
H7- BCr 6/ 27 66.67 11150 183. 33 0 0 66. 67
BCA- H9 6/ 27 2775 500 825 24300 538.5 0
H9- H10 6/ 27 1900 2787.5 2625 32300 225 0
HOHI 6/ 28 2475 8850 2100 25337.5 350 100
‘ HI-HL2 6/ 28 1600 5275 1837.5 20712.5 0 0
| H12- BVCr 6/ 28 225 337.5 725 2627.5 0 0
: BWQ-Bidge 7/01 150 20946. 67 313.33 860 0 0
1 Bel ow BVCr
Surface area 6/28 9841.67 71619.99 10045.84 106287.50 1112.5 216. 67 .
percentage /28 (4.5) (36.1) (5.1) (53.6) (0.5) (0.1)
BCr = Basin Creek
BCVr = Bear Valley Creek

Bri dge= upper bridge crossing



TABLE P-4
(fromBuel | 1985a)

Surface areas (in s%uare yards) of six habitat types in six
specific reaches Big Springs Ceek, |daho.

SUBREACH DATE POOL RIFFLE RUN POCKETWATER SIDECHANNEL BACKWATER
(1985)
0-BS2 7/17 100 6090 2393. 33 0 10 0
BS2-BC3  7/17 260 7416.67  3403.33 0 13. 33 83. 33
BC3-BSG4  7/17 0 850 216. 67 ] 6.67 50
BSCA- BSCOA 7/ 17 66.67 1933.33  683.33 20 73.33
BSSABS  7/17 0 483. 33 166. 67 0 0 0
BSC5-BS® 7/ 17 70 7023.33  3356. 67 0 466. 67 83. 33
TOTAL
Surface Area 7/17 496.67 23796.66  10220.00 0 516. 67 289.99

Percentage 7/17 (1.4) (67.4) (28.9) (0.0) (1.5 (0.8)



